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AUTHOR'S PREFACE TO THE SECOND EDITION. 


IT is a source of sincere gratification to the writer to 
find that a Second Edition of this book has been called 
for within a few months of its first appearance, proving 
that the conviction which led to its production was not 
ill-founded — viz., that ships’ officers and those generally 
associated with shipping desire a more complete and 
reliable knowledge of their ships. 

Shipbuilders, ships’ officers, and the press have testified 
to the need and to the usefulness of this work, and it 
only remains for the author to express his thanks for 


the generous way in which the book has been received. 


October, 1896. 


EDITOR'S PREFATORY NOTE. 


THIS SERIES has been designed to meet the growing desire 
on the part of Officers in the Mercantile Marine for a 
MORE SCIENTIFIC INSIGHT into the principles of their pro- 
fession, and the sciences upon which the Art of Navigation 
is founded. The treatises are, for the most part, WRITTEN 
BY SAILORS FOR SAILORS; and, where this is not the case, 
by authors who have special knowledge of the subjects 
dealt with and their application to the Sailor’s life. The 
treatment will be thoroughly scientific, yet as free as pos- 
sible from abstruse technicalities, and the style such as will 
render it easy for the young sailor to gain a knowledge 


of the elements of his profession by private reading and 


without difficulty. 
E. B. 


Lonpon, March, 1896. 


AUTHOR'S PREFACE. 


EXPERIENCE is a wonderful teacher, though often a very 
slow one. In the course of time, it will instil into a 
seaman’s mind a considerable knowledge of the capabilities 
and behaviour of his vessel under varying circumstances— 
her strength, her carrying capacity, her stability, or, in 
other words, her sea qualities. 

This mode of obtaining knowledge is, however, far too 
costly for the intelligent seaman of to-day. He knows that 
many a good ship, and what is worse, many precious lives 
have been lost before it has been acquired, and all through 
pure—though it would be unjust to say, wilful—ignorance. 

As regards the subject of stability, it has been said that 
it is useless to provide a captain with curves of stability, 
for he does not understand them, and if he did, they are of 
little use, all he requires being a statement of certain con- 
ditions of loading, beyond which he must not go, or his 
vessel will be unsafe. This is all very good in its way, but 
why does the captain not understand curves of stability, or, 
more broadly speaking, the subject of stability? Is not the 
answer this, that very little indeed has been done to provide 
the means of his obtaining such important information ? 
Besides, if the curves are of little use, and a statement of 
conditions to ensure safety is sufficient, some credit must 
be given to the intelligence of the ship’s officer of to-day. 
Let him not be put down as a machine to steer a ship, 


Vili PREFACE. 


incapable of comprehending what may be reduced to a 
subject of comparative simplicity. On the other hand, let 
not the mistake be made that lengthy experience in navi- 
gating ships necessarily means capability to so load any 
ship as to produce seaworthiness. The ignorance often 
displayed in loading and ballasting vessels, and the loss 
resulting therefrom, prove that such is not the case. 

It is evidently often imagined that able, valuable, and 
instructive papers and lectures on vital subjects relating to 
ships are only for, and interesting to, naval architects and 
experts, and that to ship’s officers they are either unneces- 
sary or else they have no interest in this means of instruc- 
tion. A more foolish and unjust conclusion could scarcely 
be arrived at. If the stability of a vessel depends so much 
upon the loading, and officers superintend the loading of 
their own vessels, at anyrate in foreign ports, 1f not always 
at home, the importance of an intelligent knowledge of the 
subject must be evident. 7 

Moreover, is it not a fact that with this knowledge the 
ship’s officer would be able to supply a great amount of 
valuable data to the shipbuilder and naval architect con- 
cerning the behaviour and capabilities of his vessel under 
every condition of weather and loading, which could not 
fail to be of immense value in the designing of future 
ships? By this means, the designer, who, as a rule, sees 
little of the ship he designs after a few hours’ trial trip, 
generally under the most favourable circumstances, would 
then be the better able to produce a vessel more perfectly 
adapted to her requirements. 

That such is the case is proved by the fact that some 
leading shipbuilding firms do everything in their power to 
encourage ship captains to give all the information they 
possibly can regarding the behaviour and performance of 
the vessels which they have built. 

The best method of supplying this kind of instruction to 
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seamen is believed to be by means of lectures thoroughly 
illustrated by diagrams and experiments. — 

During the past few years the writer has given in the 
Government Navigation School, Leith, N.B., courses of 
lectures, specially designed for the instruction of seamen. 
The eagerness and enthusiasm displayed to obtain such 
information made it manifest that seamen are fully awake 
to its importance, and appreciate and understand its value. 
The able discussion which often followed these lectures, and 
the important points and features brought out in connection 
with personal experience, furthermore proved that seamen 
want no rule-of-thumb methods for guidance, but that a 
thorough grasp of the principles of the subject is required. 
This, together with the repeated requests which have been 
made to publish these lectures, has tempted the writer to 
do so in the form of this book. The old-fashioned method 
of “beginning at the beginning” of the subject has been 
adopted as the only trustworthy way of dealing with it; 
and while endeavouring to cover as much ground as 
possible, the aim has been to condense the matter as far 
as compatible with clearness, to present it in language easy 
enough to be understood by every seaman, and stripped of 
laborious mathematical formule, and at a cost which will 
place it within reach of seamen of limited means. 

It is felt that no apology is necessary in presenting this 
book, for while the excellent work of Sir E. J. Reed and 
also that of Sir W. H. White are admirably adapted to the 
requirements of the naval architect and the shipbuilder, it 
is believed that no special attempt has been made to supply 
the need of seamen generally. 

It is further hoped that the Chapters on Construction, 
Tonnage, and Freeboard, while interesting and important 
subjects to seamen, will make the book acceptable to the 
shipowner, ship superintendent, ship draughtsman, and to 
those generally interested in shipping. 
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The Author’s sincerest thanks are due to Messrs. W. Denny 
& Brothers, Dumbarton ; to Messrs. J. L. Thompson & Sons, 
Ltd., Sunderland ; and to Messrs. Ramage & Ferguson, Ltd., 
Leith, for permission to use curves of stability of vessels 
built by them; and also to J. Bolam, Esq., Head Master of 
the Government Navigation School, Leith, for the kindly 
sympathy and interest which he has manifested in the 
preparation of the book. 

Suggestions and communications—especially from Ships 
Officers and others desirous of promoting this branch of 
nautical instruction—will be gladly welcomed and acknow- 
ledged in future editions of this work, should these be 
called for. 


LeitH, March, 1896. 
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CHAPTER I. 


DISPLACEMENT AND DEADWEIGHT. 


ConTENTS. — Displacement — Displacement Curves — Deadweight — Dead- 
weight Scale—‘‘Tons per Inch Immersion”—Examples of Practical 
Application of ‘*Tons per Inch Immersion” Curve—Coefficients of 
Displacement. 


Terms.—“ Displacement,” ‘ Deadweight,” and “Tonnage” are 
terms often heard and used by those associated with ships and 
shipping in some form or other, but not always definitely under- 
stood. Their simplicity, however, renders them easy of explana- 
tion, and we shall, at the outset, devote our attention briefly 
to the two former—Displacement and Deadweight. The last 
—Tonnage—being a subject of larger dimensions, though simple 
in its character—will be reserved for a later Chapter. 

Displacement.—Any object floating in water displaces or 
dis!odges a volume of water, and the weight of the displaced 
water is equal to the weight of the floating object. The prefix 
“dis” in the word « displacement ” means “away from.” Thus, 
displacement reveals its own meaning—viz., that which is placed 
out of its usual condition. 

Displacement, in the technical sense in which it is applied to 
ships, or any other floating bodies, refers to the displacing of the 
water by the total or partial immersion of any object placed in 
it. The volume of water displaced may be measured in cubic 
feet or in tons, and the weight of water displaced is called the 
Displacement. | 

This fact may be simply illustrated by supposing a tank to be 
filled to the brim with water, and when in this condition let a 
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box-shaped ship—3 feet long, 2 feet broad, and 2 feet deep— 
be placed in it, sinking to a depth of 1 foot. It is evident that 
if the tank were full before the ship was placed in it, some of 
the water must have overflowed (Fig. 1). . 

Let a receiver be placed below the tank, with a reservoir 
3 feet long, 2 feet broad, and 1 foot deep (exactly the same 
dimensions as the immersed part of the ship) attached to the 
bottom. It would be found that immediately the overflow had 
ceased, the reservoir would be just filled as shown by the dotted 
lines. This proves that the volume of water displaced is exactly 


as 
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equal to the volume of the immersed portion of the ship. More- 
over, if the ship could be placed in one balance, and the dis- 
placed water in another, they would be found to exactly equal 
each other in weight. But supposing the ship were too large 
for any process of weighing to be adopted, the displacement 
could be ascertained by a very simple calculation. 


A cubic foot of sea water weighs 64 lbs., and 35 cubic feet of sea water 
weigh 1 ton. Multiply together the length, breadth, and draught of the 
ship, and we get cubic feet ; 3 x 2 x 1=6 cubic feet. Therefore, since 
1 cubic foot weighs 64 lbs., 6 cubic feet will equal 6 x 64 = 384 lbs. dis- 
placement, and this, while being the weight of water in the reservoir, is 
also the total weight of the ship in its present condition. 

_ Again, supposing an unknown weight be placed in the ship increasing 
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the draught to 1 foot 6 inches, or 1°5 feet, then 3 x 2 x 1°5 = 9 cubic feet, 
9 x 64 = 576 lbs. total displacement. . 

The displacement, when the ship was empty, was 384 lbs., therefore the 
weight added is 576 — 384 = 192 lbs. 


In dealing with floating objects not box-shaped, such as real 
ships, although the same method of computing the displacement 
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B 
Fig. 2.—DIsPpLACEMENT CURVE, 


cannot be adopted owing to the difference in form, yet the 
principle, that ‘the weight of water displaced equals the total 
weight of the ship, remains the same. This important fact, as is 
evident, proves of immense value to shipbuilder and shipowner 
alike, for had the weight of a ship to be found by estimating 
the weight of every item in it—hull, engines, boilers, masts, ke, 
—separately, and adding them together, it will be seen how 
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laborious the process, and how inaccurate the resvit, might 
possibly be. 

The length, breadth, and draught of a ship cannot be multi- 
plied together for displacement, but, by the application of a 
simple method known as Simpson’s rules, the volume of the 
immersed portion of the ship can be ascertained, which, if con- 
sidered as water, and divided by 35, will give the displacement 
in tons. 

To make a separate calculation whenever the displacement 
is required at any particular draught would entail considerable 
labour and inconvenience. This is avoided by using what is 
termed a Displacement Curve, by means of which, in a moment, 
the displacement can be read off at any draught. It is con- 
structed in the following manner (Fig. 2). 

Draw the vertical line AB, and upon it construct a scale at, 
say 4 inch=1 foot, indicating the draughts up to the load line, 
exactly as read upon the stem or stern of a vessel, inserting in 
each foot space twelve equal divisions for inches. From the top 
of the line AB draw the horizontal line AC. Divide this line 
into 4-inch spaces, each one representing 100 tons of displace- 
ment. Sub-divide the spaces again into tenths, each of which 
will, therefore, represent 10 tons. Supposing our vessel be of 
box form, 100 feet long, 20 feet broad, and 10 feet draught, then 
by calculating the displacement at a series of draughts, say 2, 
4, 6, 8, and 10 feet respectively, we are in a position to find a 
number of points by mears of which the displacement curve is 
constructed. 

The displacement at— 


2 feet draught = 100 x 20 x 2 = 


e 


4,000 cubic feet 
4,000 _ : 
“on 114°2 tons. 


100 x 20 x 4 = 8,000 cubic feet 


4 feet draught 


8,000) 
aE 228°5 tons. 
6 feet draught = 100 x 20 x 6 = 12,000 cubic feet 
12,000 
Sh 342°8 tons 
35 
8 feet draught = 100 x 20 x 8 = 16,000 cubic feet 
ee 457-1 tons 
35° = ons. 
10 feet draught = 100 x 20 x 10 = 20,000 cubic feet 
a = 571°4 tons, 


To construct the curve proceed as follows :— 
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Through the 2, 4, 6, 8, and 10 feet draughts on the scale 
draw lines parallel to the line AC. The displacement at the 
2 feet waterline is found to be 114:2 tons. Through the point 
in the horizontal scale of tons representing this, drop a vertical 
line to the 2 feet waterline. The intersection of these lines 
gives the first point in the curve. Repeat the same operation 
for the other displacements at their respective waterlines. A 
line through the points of intersection gives the displacement 
curve. For a box-shaped vessel, it is a straight line as shown. 
Having this, the displacement can be read off at any inter- 
mediate waterline between the bottom of the\keel and the load 
waterline. The displacement curve for an actual ship is con- 
structed in the same way. Fig. 3 is an illustration of such an 
one. 

The load waterline in this case is 14 feet above the bottom of 
the keel, which indicates on the curve 1,400 tons of displacement. 
The mean draught of the vessel in her lhght condition is 7 feet, 
which reads from the curve 550 tons displacement, leaving a 
carrying capacity or deadweight of (1,400 — 550 =) 850 tons. 
, Let these terms be clearly understood. Zhe total weight of the 
| ship in whatever condition and floating at any draught is equal to 
| the displacement at that draught. Deadweight 1s carrying power 
only, over and above the actual weight of the ship and her 
equipment. It, therefore, comprises cargo and bunker coal. 
The deadweight of a ship floating at a particular draught is the 
difference between the displacements in the light condition, and at 
that draught. 

From the displacement curve an even simpler method of 
indicating displacement can be arranged, useful more especially 
to the officer of the cargo-carrying vessel. This is a Vertical 
Displacement Scale, and with it is usually combined a Deadweight 
Scale (see Fig. 4). 

Column 2 is a scale of draughts exactly a one to the scale 
of draughts on the displacement curve. Column 1 is a scale 
indicating the displacements corresponding to the draughts, the 
readings of which are identical with the readings from the curve, 
since the one is constructed from the other. For example, strike 
a horizontal line A B from the displacement curve to the ver- 
tical scale at, say, 8 feet draught. The reading from the curve 
gives 655 tons, which is the same on the vertical scale. 

Column 3 is a deadweight scale. As already pointed out, 
deadweight is the difference between the displacement at any 
particular draught and the weight or the displacement of the 
vessel when light. In the above case the vessel floated light at 
a mean draught of 7 feet, which represents 550 tons on the 
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displacement scale, while the deadweight stands at nil. The 
difference between the displacements at light draught and at 1 
foot intervals above the light draught will equal the respective 
deadweights at these draughts. 

Column 4 represents the freeboard. More about this will be 
found in Chapter VIII. Suffice it for the present to state that 
by freeboard is meant the distance from the top of the weather 
deck at midships to the waterline at which the vessel floats. 
It is, therefore, measured from the deck downwards. In the 
above case the minimum freeboard was fixed at 2 feet. 

Thus, by means of the vertical scale, a ship’s officer can read 
at a glance the total displacement—the deadweight and the 
corresponding freeboard—at any particular draught. 

Tons per Inch Immersion.—Another very useful curve, 
closely related to the subject of displacement, may be constructed. 
This is known as the Z'ons per Inch Curve. By “tons per inch” 
is meant the number of tons necessary to be placed on board or to 
be taken out of a vessel, to effect an increase or decrease of 1 inch 


in the mean draught. Thus the term ‘tons per inch” really 
means displacement per inch. It is found by calculating the’ 


displacement for a foot of the depth at the particular draught at 
which the vessel is floating, and dividing this by 12. The result 
is the increase or decrease of the displacement for 1 inch altera- 
tion in draught, or “tons per inch.” 

The area of the waterline in square feet is first found, and 
reckoning this to be a foot deep, the square feet are at once 
converted into cubic feet. These cubic feet divided by 35 give 
the number of tons per foot. Tons per foot divided by 12 give 
the required “tons per inch.” 

The formula may be written thus :— 


Area of waterline Area of waterline _ ,, : ‘ 
= —__—____— = “tons per inch. 


35 x 12 ae 420 
The “tons per inch” for the box vessel, for which the dis- 
placement curve (Fig. 2) was constructed, would be :— 
100 x 20 = 2000 square feet area of waterline. 


2000 x 1 = 2000 cubic feet of displacement. 
2000 


420 

It will be observed that since a box vessel is unchanging in 
horizontal section from the bottom to the top, the “tons per 
inch” will be the same at any draught, thus rendering the 
construction of a curve unnecessary. ‘This is not so in the case 
of an ordinary ship. The waterlines, from the top of the keel 


= 4°7 *‘tons per inch.” 
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to the load waterline, all varying in form, necessitate the con- 
struction of a curve for readiness and convenience, so that the 
“tons per inch” may be ascertained immediately for any draught. 

This curve is made in the same manner as the displacement 
curve. The “tons per inch” at the 4, 8, 12, and 16 feet heights 
above the top of the keel are 8:4, 9-7, 10°36, and 10°6 respec- 
tively. Vertical lines are dropped from these positions on the 
“tons” scale to their respective waterlines, the intersections of 
which give the points necessary for the construction of the curve 
(Fig. 5). Its shape is somewhat different from the displacement 
curve for this reason. With every increase of draught the 
displacement must increase, and especially in the region of the 
load waterline, where the vessel is fullest in all ordinarily 
designed vessels, thus tending 
to make the curve continue to 
spread. On the other hand, 
the ‘tons per inch” increases 
rapidly until the vicinity of the 
load waterline is reached, and 
then the sides of the vessel, 
in the case of ordinary cargo 
steamers, being somewhat per- 
pendicular, there is little varia- 
tionin theareaof the waterlines, 
and here the “tons per inch ” 
remains about the same, the 
curve contracting and bending 
to a vertical position, as shown 
in the illustration. As an ex- 
ample of how to read the “tons 
per inch” curve at, say, 6 feet 
6 inches draught, strike the 
Fie. 5.—‘*Tons per Incn” Curve. horizontal line A B to the curve. 

At the point of intersection 
draw a vertical line to the scale of tons, and there is indicated 
9°1 “tons per inch.” 

The use of a curve of ‘tons per inch” may be illustrated in a 
variety of ways. 

For example, suppose a vessel to be floating at a certain 
draught, at which the “tons per inch” is 15. On calling at a 
port a moderate quantity of cargo has to be discharged, the 
weight of which is not exactly known. After discharging, the 
mean draught is found to have decreased 4} inches, therefore 
the weight of the cargo discharged is 15 x 44 = 673 tons. 
Again, supposing a steamer floating at her load waterline, where 
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the “tons perinch” is 15, to consume 100 tons of coal on a 


voyage, the decrease in draught would be ee = 6°6 inches 


approximately. Every seaman knows that on a vessel passing 
from salt to fresh water, an increase occurs in the mean draught, 
and a decrease when passing from fresh to salt water. The 
reason for this is, that salt and fresh water differ in density, 
and thus present different supporting qualities to objects floating | 
in them. To support 1 ton of weight requires a displacement of 
36 cubic feet of fresh water, while salt water, being denser and 
heavier, and more capable of affording support, will bear up a 
weight of 1 ton on a displacement of 35 cubic feet. 

Sometimes where the depth of entrance to a dock is limited, 
it is very necessary to know what change of draught will occur 
in passing from salt to fresh water, or vice versd. At the load 
draught this is marked on the ship’s side by the Board of Trade, 
or one or other of the Registration Societies, if the vessel is 
classed. By the aid of the “tons per inch” curve, we may 
ascertain the change in draught for ourselves. Suppose a vessel 
to be floating at a certain draught where the displacement is 
4,500 tons, and the “tons per inch” 20. Now, a cubic foot of 
sea water weighs 64 lbs., and a cubic foot of river water, which 
is chiefly fresh, about 63 lbs., the difference being ,4.* Since 
the total weight of the ship remains the same, the total weight 
of water displaced must remain the same also, though as it 
becomes fresh water it increases in volume, because it is er 
lighter, measure for measure. As already stated, when floating 
in sea water, she displaces 4,500 tons. Suppose her now to be 
floating in river eu at the same waterline, her weight or 
displacement will be ,) less. 


gz of 4,500 = 70-3 tons. 


The “tons per inch” was 20 tons in salt water, but it also 
will be ;}; less. 


20 x ae 1932 “tons per inch” in river water. 


The change in draught will therefore he— 
70:3 + 1944 = 3:57 inches. 


* Pure, fresh water may be taken at 623 lbs. per cubic foot, 
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The formula may be shortened, and written thus— 


ez of displacement + 64 of “tons per inch” = increase in 
draught ; 
4,500 whee 
therefore, 63 x 20 = 3°57 inches. 


Coefficients of Displacement.—In comparing the displace- 
ment or underwater form of one vessel with another, it is not 
sufficient to say that one is long and the other short, one broad 
and the other narrow, or one deep and the other shallow. Nor 
is a numerically correct idea conveyed by saying that one is fine 
and the other full or bluff. A more comprehensive means must 
be adopted, and this is attained by coefficients. 

Suppose that out of a block of wood 6 feet long, 14 feet broad, 
and 1 foot deep, the model of the underwater form of a vessel 
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be cut out, as shown by Fig. 6, the extreme dimensions of which 
are—Length, 6 feet; breadth, 1} feet; depth, 1 foot. 

Before the block was cut, it contained 6 x 1} x 1 = 9 cubic 
feet. The extreme dimensions of the remaining part in the 
form of the model are still the same—6 feet long, 14 feet broa, 
1 foot deep—but much of the volume of the block has been cut 
away, as shown by the hatched lines, leaving, say, 6 cubic feet, 
which is ci : or, as it is generally written, ‘66 of the whole 
block, and this is termed the coefficient, or, in other words, the 
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comparison of fineness. Thus the coefficient of fineness of any 
vessel is the fractional part (usually expressed in decimals) 
which the volume of the displacement bears to the circumscribed 
block. 


‘8 would be a very full vessel. 

‘7 to ‘75, an average cargo steamer. 

‘65, a moderately fine cargo steamer. 

‘6, a fine passenger steamer. 

‘5, an exceedingly fine steamer, but an average for steam yachts. 
4, a very fine steam yacht. 


By means of coefficients a comparison of the displacement or 
fineness between two or more vessels may be struck relatively 
to their circumscribing rectangular blocks. 

Vessels of the same extreme dimensions, and the same co- 
efficients of fineness, and, therefore, the same displacements 
may vary considerably in form or design, which in turn may 
affect the speed. 

Knowing the extreme dimensions of a vessel, and the co- 
efficient of fineness, the exact displacement can easily be arrived 
at. For example, take a vessel 100 feet long, 20 feet broad, 
and floating at 8 feet draught, the coefficient of fineness being °6. 

The displacement would be— 


100 x 20 x 8 x 6 


35 = 274-2 tons, 
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CHAPTER It 


MOMENTS. 


Contents. —Moments—Examples of Moments—Centre of Gravity—Effect 
upon Centre of Gravity of Moving Weights on a Ship, Vertically and 
Transversely. 


Moments.—Moment of a Force about a Point.—We may 
speak of a ship when inclined from the upright position as 
having a moment tending to bring her to the upright position 
again. This is usually termed a righting moment. On the 
other hand, it might be found that when the vessel was inclined 
to a certain angle, she possessed no inclination to return to 
her original upright position, but continued to heel until she 
capsized. In this case, we may say she possesses_an upsetting, 
or capsizing moment. 

This important term “moment” is easily understood. Every- 
body knows the meaning of simple distances like inches and 
feet, and of simple weights like pounds and tons. We must 
accustom ourselves to quantities which are got by multiplying 
distances by weights. Thus, we may have to multiply 5 feet 
by 8 tons. The product is called 40 foot-tons. If we multiply 
5 feet by 8 pounds, the product is called 40 foot-pounds. If we 
multiply 5 inches by 8 tons, the product is called 40 inch-tons. 
Now weight is one kind of force, and other forces, such as 
pressures and resistances (say, wind or steam pressure and 
water resistance), are also conveniently measured in pounds or 
tons. And pounds or tons of any kind of force, such as pressure 
and resistance, may also be multiplied by inches or feet of 
distance, giving inch-tons, or foot-pounds, &., as the case 
may be. 

Now the quantity called the Moment of a Force (the only 
kind of moment we want just now) is got by taking some 
weight or other force and multiplying it by what may be con- 
veniently called its leverage. This leverage is the perpendicular 
distance of the direction in which the force acts from some 
conveniently chosen point. The point often chosen for this 
purpose in a ship is the centre of gravity of the ship. For 
instance, 5 tons of wind pressure on sails multiplied by a 
leverage from the ship’s centre of gravity of 30 feet would give 
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e moment of force about that centre of gravity of 5 x 30 = 150 
foot-tons. And a water pressure of 1,000 tons multiplied by a 
leverage from the same centre of gravity of 3 inches would givea 
moment of force about that centre of gravity of 1,000 x 3=3,000 
inch-tons. 

Simple illustrations of moments of force may be got from 
levers. 

Let A B (Fig. 7) be a lever 5 feet long, supported at one 
end, A, as shown, and at the other having a weight of 4 tons 
suspended at right angles to the lever. In this condition there 
is a moment about A of 4 x 5 (weight multiplied by distance 
from centre of weight to point of support) = 20 foot-tons, tending 
to capsize, or break, or bend the lever at the point A, and the 
20 foot-tons in this case may be called a capsizing moment, 
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or a bending moment. Let the lever be subdivided into foot 
intervals at the points ODE F. If the weight be now moved 
to the point F, which is 4 feet from A, the moment about A will © 
be 4 x 4 = 16 foot-tons. In like manner, if moved 


To the point E, the moment about A will be 4 x 3 = 12 foot-tons. 
” ’ 9 re) 4x2=8 ” 
” C, ” 9 4xl=4 ” 
” A, ” 29 4 x 0= 0 99 


The last, no foot-tons, as will be seen, is accounted for by the 
fact that the downward force of weight is acting in the same 
vertical line as the upward support, there being therefore no 
capsizing moment; or, as we are speaking of a lever or bar, no 
breaking or bending moment. 

There is just another point bearing on moments which will 
also assist us in studying the structure and strains of ships. 
In most cases the leverage is the variable factor in influencing 
the amount of foot-tons, the weight remaining constant. It § 
should now be noticed that the moment is always greatest at the | 
point of support, and when the weight is removed farthest from %t. | 
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Keeping the weight in the position shown at B, the tendency 
to fracture at the point C will be considerably less since the 


a) 


leverage is less.) The moment at this point is 4 x 4 = 16 foot-© 


tons, and it will continue to diminish until, at the point RB, it 
has vanished completely. 

But let us take another simple example illustrative of 
moments. Fig. 8 represents a lever supported at the point A, 
and with weights of 3 and 4 tons suspended at its extremities, 
at distances of 8 and 5 feet respectively from the point of 
support. . First, what would be the tendency to fracture at the 
point A? On the side towards B there would be a moment of 


B ; Artie S 
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3 x 8 = 24 foot-tons, and on the side towards C, 4 x 5 = 20 
foot-tons. 

But suppose it is asked, “Is there a capsizing moment, and, 
if so, how much?” As we have already seen, there is a moment 
of 20 foot-tons on the side towards C and 24 foot-tons towards 
B, and since the moment towards B preponderates by 24 - 20=4 
foot-tons, the lever would therefore capsize towards that side. 

Centre of Gravity.—But suppose we wished to find the 
point to which the support must be moved in order that the 
moments might balance one another, the lever remaining in a 
state of equilibrium or rest. This would be done by dividing 
the difference of the two moments, which was found to be 4, by 
the total weight 3 + 4 = 7, 4 divided by 7 = # foot, and moving 
the support this distance towards B, the side possessing the 
greater moment. Let us prove this. The support, according 
to our calculation, will now be 8 —- += 73 feet from B, and 
5 + +4 = 54 feet from C. 


Towards. B the moment is now 3 x 7 222 foot-tons. 
7 C 5 4x 54 = 22; rs 


“ybo mabe 


Being exactly equal to each other, the lever remains at rest. 
Now this balanciny point or centre of moments is a very important 
point. For the point at which a body (acted on only by its own 
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weight) will balance is called the centre of gravity of that body. 
And the point at which a system of bodies (acted on only by 
their own weight) will balance is called the centre of gravity of 
that system of bodies. An example of a system of bodies is a 
ship with or without cargo in her. And as such a body asa 
ship cannot be balanced experimentally so as to find the centre 
of gravity by trial, the calculation of the moments in question 
is employed upon the ship and the weights in her until their 
balancing point is found, and that balancing point is the centre 
of gravity of the ship and the load then in her, and the whole 
weight of ship and cargo may be supposed to act vertically 
downwards through that point. 

For, proceeding further, in Fig. 9, AB is a lever, with a weight 
of 2 tons at a distance of 2 feet from the support, and a weight 
of 4 tons at a distance of 4 feet from the support, both on the 
same side, and, similarly, weights of 2 and 4 tons at 2 and 4 feet 
respectively on the other side of the support. Then the moments 
must be the same, and it is evident that the lever is supported 
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at the centre of gravity of the total weight. Let a weight of 
3 tons be now suspended from the extremity of the lever at B, 
and at a distance of 6 feet from the support, as shown by the 
dotted square. It is required to find the centre of gravity now. 
Since the moments preponderate towards B by 3 x 6 = 18 foot- 
tons, if this be divided by the sum of the weights, we shall get the 
distance the centre of gravity has moved, which is +8 = |t feet 
~ towards B. 

But suppose that instead of a weight being added, the 2 ton 
weight on the side towards B be removed. Let us find the centre 
of gravity now. The moment towards A will preponderate by 
2x 2 = 4 foot-tons, and this, divided by the total weight, which 
is 2+4+4= 10, will equal 54, = ? foot = shift of centre of 
gravity towards A. 

The reader is advised to make himself thoroughly familiar 
with the principle of moments, as illustrated in this chapter, as 
this will be found to be absolutely essential in order to deal 
successfully with the following chapters. Whenever several 
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weights are connected by any means, as shown in the foregoing 
examples, the combined system of weights acts directly through 
one balancing point, and this is their Common Centre of Gravity. 
And, if this method of finding the common centre of gravity of 
a ship and its load be used, one first finds how far from stem or 
stern that centre of gravity lies, and how much it is shifted fore 
or aft by shifting weights fore and aft. And precisely the same 
sort of calculation may be used to find how far above the keel 
the same centre of gravity les, and how much up and down it 
is shifted by shifting weights up and down in the ship. We 
have only in this case to measure our leverages vertically above 
and below the balancing point we are trying to find by assuming 
a point for its position, and multiply the weights by the vertical 
leverages to get the moments. We, therefore, now proceed to 
show how to apply these principles to actual ships. 

Effect of Moving Weights on a Ship’s Centre of Gravity. 
—Suppose a vessel be floating with her centre of gravity at the 
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point, G (Fig. 10). (It may be said here that the position of 
the centre of gravity-of the ship when light could be supplied 
by the builder, and this would limit the duty of the shipmaster 
to finding the position of the centre of gravity with various 
kinds of loading. But as it is not customary with all ship- 
builders to do this, a simple experiment by which the shipmaster 
himself may find the centre of gravity will be given later on). © 
Her total displacement—that is, her weight—is 1,000 tons. Let 
a weight of 30 tons, already on board, be raised from the hold 
and placed on the deck, at a distance of 20 feet from its former 
position, as shown. What effect will this have upon the centre 
of gravity? Since the centre of gravity is in the centre of the 
total weight it is evident that, if a weight be raised, the centre 
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of gravity must travel in the direction of the moved weight. To) 
find the exact distance the centre of gravity has moved, the | 
same rule is adopted as in the case of a vertical lever. Multiply 
the weight moved by the distance it is moved, and divide the result 
by the total weight or displacement. 


30 x 20 600 _ 
1000 ~ 1000 ~ 


the distance the centre of gravity has been raised. 

Again, suppose the weight, instead of being placed on deck, 
had been taken out of the vessel altogether. In this case, / 
multiply the weight by its given distance from the centre of gravity 
of the ship, say, 10 feet, and divide by the total displacement after 
the weight is removed. (1000 — 30 = 970 tons = displacement 
after weight is removed). | 


30 x 10 300 
Oi Sales 
the distance the centre of gravity has been raised. 

Again, suppose, when the displacement is 1000 tons, a weight 
of 30 tons be placed on board 10 feet below the centre of gravity. 
Multiply the new weight by its distance from the centre of gravity, 
and divide by the new displacement (1000 + 30 = 1030 tons = new 
total displacement). 

30 x 10 ~=—300 
LDS0et0502— 


the distance the centre of gravity has been lowered. 


‘6 foot, ~~ 


‘3 foot, 


28 foot, 


STARBOARD. 


Fig. 11.—Errect or WEIGHT Movep ATHWARTSHIPS. 
2 


Let us now notice the effect of a weight moved athwartships 
(Fig. 11). 
2 
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The centre of gravity is in the position shown at G, and the 
total displacement is 1000 tons. 

A weight of 20 tons already on board, on the centre of the 
upper deck, is moved 10 feet to starboard. The centre of gravity 
must move in the same direction, and in a line parallel to the 
line joining the centres of the weight in its original, and in its 
new position. To find the exact distance moved, multiply the 
weight by the distance moved, and divide by the total displacement. 


20x 10 200 
1000 = i000 ~ 7 100% 


(G G1), the distance the centre of gravity has travelled to 
etarboard 
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ConTENTS.—Buoyancy—Water Pressures—Reserve Buoyancy—Sheer— 
Value of Deck Erections—Centre of Buoyancy—Curves of Vertical 
and Longitudinal Centres of Buoyancy—Effect upon a Ship’s Centre 
of Buoyancy of Immersing, or Emerging Wedges of Buoyancy—Effect 
of Entry of Water upon Buoyancy—Camber, or Round of Beam. 


Buoyancy.—Luoyancy means floating power. Under what con- 
dition will a vessel float? Simply, when its enclosed volume is! 
greater than its total weight in tons multiplied by 35, since it | 
requires a displacement of 35 cubic feet of salt water to support 
l ton. IPf the enclosed watertight volume of the vessel in cubic 
feet is less than its total weight in tons multiplied by 35, it will 
be evident that the vessel will sink. This we have learned from 
the Chapter on “ Displacement.” But it may be asked, “ Why 
does a vessel float?” ‘This we shall now endeavour to explain. 


Fig. 12.—Buoyancy or A SHIP 


Water Pressure.—Let Fig. 12 represent a ship floating in 
water at the waterline, W L. Upon the whole of the immersed 
surface of the skin of the vessel the water is pressing in lines 
of force square to the surface—longitudinally, transversely, 
obliquely, and vertically—as shown by the arrows in the figure, 
tending to crush in the sides, ends, and bottom, or to push the 
vessel out of the water. This is understood more clearly when 
it is remembered that immediately any floating object is taken 
out of the water, the water rushes in on all sides, and more 
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quickly than can be seen, the cavity formerly occupied by the 
object is filled, and the water is again at its uniform level. 

Thus, while a ship is floating, the water has still the inclina- 
tion, if the phrase may be so used, to occupy the space filled by 
the immersed part of the vessel. Why the water does not 
succeed in crushing in the exterior of the vessel, will be dealt 
with in another Chapter on “Structure.” Why it does not 
succeed in thrusting the ship out of the water is explained by 
the fact that there is the downward pressure of the weight of 
the ship itself. ‘hus a vessel will sink to a draught, such that 
the sum of the vpward pressures of buoyancy exactly equals the 
weight of the ship, the two balancing each other. ‘The forces of 
this buoyancy, measured in tons, are therefore equal to the 
weight of displacement. 

Reserve Buoyancy.—Let it be imagined that a vessel 
floating at the waterline where the “tons per inch” is, say, 
12 tons, has an additional weight of 60 tons placed on board. 
The result will be that the weight of the vessel has increased 
60 tons in excess of the buoyancy, and she-must sink. But 
how far? Well, since we have observed that 1 ton of buoyancy 
equals 1 ton of displacement, she will therefore sink until she 


‘ : ay ; 60 
has displaced 60 tons more water, which is an increase of Ta? 8 


5 inches in the draught. It is evident then that the buoyancy 
pressures increase with depth. 

If, on the other hand, 60 tons be taken out of the vessel, the 
buoyancy will now be 60 tons in excess of the displacement, the 
result being that the vessel will rise out of the water until the 
buoyancy is reduced by 60 tons, and the draught is decreased by 


9 5 inches. 
Thus, we have here one of the conditions of a vessel floating 
at rest in still water—namely, that the total weight of the vessel 
| equals the total weight of the water displaced, or the buoyancy. 
| The buoyancy of the immersed portion of the vessel represents 
that which is requisite to keep her afloat. The buoyaney of all 
enclosed watertight space above the waterline is therefore surplus 
buoyancy, or safety buoyancy, or, as it is more commonly termed, 
Reserve Buoyancy (see Figs. 12 and 13). 

Sheer,—It is not sufficient that a vessel have just enough 
buoyancy to keep her afloat, for if she had only this, every wave 
would submerge her. It is the surplus buoyancy that gives 
her rising power, and, as we shall see in Chapter VI., provides 
righting power when inclined. The great advantage of sheer 
(Fig. 13), which gives surplus buoyancy at the ends of a vessel, 
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will now be evident, for every time the vessel pitches into the 
trough of a sea, she immediately displaces more water than her 
weight, and is, therefore, thrown up again. 


S=Sheer. Volume above line X, Y = Reserve buoyancy obtained by sheer. 
Fie. 13.—SHEER. 


| Value of Deck Erections.—The Board of Trade recognises 
| this to such an extent as to enforce a certain amount of sheer, 
according to the type of the vessel. When this amount is ex- 

ceeded, a reduction in the freeboard is allowed, and when the 

sheer is less an addition is made to the freeboard (see Chapter 
on “Freeboard”). The value of poops and forecastles, especially 
_ the latter, and particularly if efficiently closed at the ends, will 
: now be clearly understood, since they all add to the buoyancy, 
and at those parts of the vessel where it is greatly needed. 

Though not to the same extent in efficiency, yet all bridges 
with watertight ends, and deck houses and hatches—in short, 
| all enclosed watertight erections afford reserve buoyancy. 

Centre of Buoyancy.—Now, just as the Centre of Gravity 
_ of the weights ranged on a lever can be ascertained, as explained 
_ in the previous chapter, so the centre of action of the numerous 
| forces of buoyancy may be found, and since the forces acting 
- upon any body may always be supposed to act directly through 
the centre of action, the value of this point will be readily 

granted, especially when we come to deal more closely with 
the subject of Stability. 

However, instead of speaking of the centre of action of the 
| forces of buoyancy, this point is, for brevity, termed the Centre 
_ of Buoyancy, and, moreover, it is found that the centre of 
| buoyancy is the centre of displacement. Thus, to find the 
_ centre of buoyancy it is simply necessary to calculate the centre 
| of displacement, as the two names indicate exactly the same 
| point. The centre of buoyancy being the centre of the dis- 
| placement, it must vary in position with every variation of 
) draught, so that it becomes necessary to arrange a convenient 
_ method of readily ascertaining the centre of buoyancy at any 
draught. This is done by calculating the centres of buoyancy at 
several draughts parallel to the load waterline, and constructing 
curves. By means of a calculation of moments, using horizontal 
areas of waterlines, instead of weights as in the case of the lever 
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examples in the previous chapter, the positions of the vertical 
centres of buoyancy are found at the required draughts. Ina 
similar manner the longitudinal centres of buoyancy at several 
draughts are calculated, and by using vertical areas of transverse 
sections of displacement at regular intervals fore and aft instead 
of weights, the several longitudinal centres of buoyancy may be 
found. 

Curves of Vertical and Longitudinal Centres of Buoy- 
ancy.—Thus, to find the actual centre of buoyancy, it is 
necessary to construct two curves, one for the vertical centres 
of buoyancy, to give vertical position, and the other for the 
longitudinal centres of buoyancy, giving longitudinal position. 
The intersection of the two lines is the point required. 

However, since these curves can easily be supplied to the 
ship’s officer by the shipbuilder or naval architect, it is un- 


C.B. = Centre of buoyancy. 


Fig. 14.—CENTRE OF BuoyANcy oF Box-SHAPED VESSEL. 


necessary and outside the aim of this book to enter into the 
minute details of the actual calculation. What the seaman 
requires is to understand how to ascertain the centres of 
buoyancy from these curves, and to know how to use them 
when obtained. 

To construct curves for a box-shaped vessel would be un- 
necessary, aS it is evident that the vertical centres of buoyancy 
must always be at half the draught (see Fig. 14), and the 
longitudinal centres of buoyancy at the middle of the length 
if floating with the bottom parallel to the waterline. 

Thus, at 10 feet draught the vertical centre of buoyancy 
is 5 feet down from the waterline, at 6 feet draught it is 3 feet 
down from the waterline, and so on. 

Curve of Vertical Centres of Buoyancy.—The heights 
of the vertical centres of buoyancy used in the construction 
of the curve in Fig. 15 are for a vessel about 200 feet long, and 
with a draught of 14 feet when fully loaded. Suppose the 
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Fic. 15.—Curve oF VERTICAL CENTRES or BUOYANCY. 


SCALE OF DRAUGHTS 
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vertical centres of buoyancy at the 4, 8, 12, and 16 feet draughts 
are found to be 1:2, 2:9, 4:9, and 6°6 feet respectively below 
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their respective waterlines. To construct the curve proceed 
as follows :—Draw the lines A B and AC at right angles to 
each other. Let AB represent a scale of heights and AO a 
scale of draughts. Through the 16 feet height in the scale A B 
draw a horizontal line as shown, and through the 16 feet draught 
in A C draw a vertical line intersecting the other at D. From 
the point D set down the distance of the centre of buoyancy 
below the 16 feet waterline = 6°6 feet. Proceed in the same 
manner for the 12 feet waterline. Through the 12 feet height 
draw a horizontal line, and through the 12 feet draught draw 
a vertical line intersecting the other at E. From E set down 
the distance of the centre of buoyancy below the 12 feet water- 
line = 4'9 feet. In a similar manner the centres of buoyancy 
at the 8 and 4 feet waterlines may be set off. Through these 
points draw the line x y, which is the curve of the vertical centres 
of buoyancy required. By means of it the height of the vertical 
centres of buoyancy above the bottom of the keel may be read 
off at any draught. 

It will be understood that the curve constructed for any 
particular vessel will be of little use for any other vessel unless 
of exactly the same form and proportion in the immersed pro- 
tion of the hull. But for the sake of example, let the curve in 
Fig. 15 be for a yacht with a rising keel and drawing 10 feet 
forward and 13 feet aft. This represents a mean draught of 


10 + 18 5 13 = 1] feet 6inches. At 11 feet 6 inches on the horizontal 


scale of draughts, set up a vertical line until it intersects the 
curve of the centres of buoyancy. From this point draw a 
horizontal line until it meets the vertical scale of heights, and 
there we read 7 feet, which is the height of the vertical centre 
of buoyancy above the bottom of the keel. Had the vessel been 
an ordinary cargo one, floating on even keel, and drawing 11 feet 
6 inches fore and aft, the height of the centre of buoyancy would 
have been the same. As has already been stated, this point, 
taken by itself alone, is of little use to any one. It is only 
when used in relation to other points, with which we shall deal, 
that it possesses importance. 

Curve of Longitudinal Centres of Buoyancy.—The longi- 
tudinal centres of buoyancy for the same vessel of which Fig. 15 
is the curve of the vertical centres of buoyancy are found to be 
98-7, 99-2, 99-8, and 100 feet from the afterside of the stern 
post at the 16, 12, 8, and 4 feet waterlines respectively. . 

The curve would be constructed in the following manner :— 

Draw the vertical line A B, and upon it construct a scale of 
draughts. From B draw the horizontal line BC, and upon it 
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construct a scale of feet, long enough to include the greatest 
distance of the centre of buoyancy from the stern post, which in 
this case is 100 feet. 98-7 feet on the line BC gives the first 
point in the curve. At 12 feet draught draw a horizontal line, 
and through the point in the scale indicating 99-2 feet drop a 
vertical line. The point of intersection gives the second point 
in the curve. Proceed in the same manner with the 8 and 4 
feet waterlines, obtaining the points indicated by the large dots. 
Through these points draw the line a y, which is the curve of the 
longitudinal centres of buoyancy. Supposing we are asked to 
read off the longitudinal centre of buoyancy at, say, 7 feet 
6 inches draught, we draw the horizontal line from the 7 feet 
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SCALE OF DRAUGHTS 


Fie. 16.—CuRVE oF LONGITUDINAL CENTRES OF BUOYANCY. 


6 inches height in the scale of draughts until it intersects the 
curve, and from this point we strike a vertical line to the scale 
of distances, and there is indicated 99:6 feet from the after side 
of the stern post. From this curve we can see that since the 
vessel is 200 feet long, the displacements of the fore and after 
bodies are exactly equal at the 4 feet draught, as the vessel’s 
centre of support (centre of buoyancy) is at the middle of the 
length. Then, as the draughts increase, we notice that the 
centre of buoyancy travels a little towards the stern, showing 
that the after body is slightly fuller than the fore body, increas- 
ing in this respect up to the load waterline. Now, we have 
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simply reduced our ship to a huge lever, balanced practically at 
the centre when floating at 7 feet draught. Suppose in this 
condition the vessel weighs 550 tons, this being her displaceinent. 
She is then to be additionally loaded in the following manner :— 


50 tons are placed oe feet abaft of the longitudinal centre of buoyancy. 


30 bP) 99 9° 9) > 
20 a Re a feet farw arden: + 
40 99 9 70 Ne + 39 9 


What effect will this have? First of all, we know that the 
draught will be increased. This could be found before the 
weights are placed on board, by adding the weights together, 
and referring to the displacement scale in Figs. 3 and 4. 

550 + 50 + 30 + 20 + 40 = 690 tons, which reads: 8 feet 
44 inches mean draught. 

There may be another effect. If the moments of the weights 
preponderate ahead or astern of the centre of buoyancy, then 
the vessel will trim* by the head or the stern, as the case may 
be. Let us see— 


Moments on after side of Centre Moments on fore side of Centre 
of Buoyancy. of Buoyancy. 
50 x 20 = 1000 foot-tons. 20 x 30 = 600 foot-tons. 
30 x 60 = 1800 + 40 x 70 = 2800 id 
Total, 2800 = Total, 3400 ¥ 


Then, since the moments preponderate on the fore side by 
3,400 — 2,800 = 600 foot-tons, the vessel will trim by the stem. 

But suppose we now wish to know what weight must be 
placed at, say, 25 feet aft of the centre of buoyancy to bring 
the vessel again on even keel—that is, with the new load 
line parallel to the keel. This would be discovered by dividing 
the foot-tons in excess by the distance the new weight has to 
be placed from the original centre of buoyancy. The result 
will be the required weight— 

es = 24 tons. 

It will now be seen that the moments on each side of the 
centre of buoyancy are equal. 

Vessels passing from salt or sea water to fresh or river water 
increase in draught. The reason of this has already been 
explained. 


* By trim is meant the difference between the draught at the stem, and 
the draught at the stern, 
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Effect of Wedges of Buoyancy on Ship’s Centre of 
Buoyancy.—Another thing which may be observed is, that 
not only do some vessels change draught in passing from sea 
to river water, but that they also change trim. The reason 
of this will be evident when it is known that in some vessels 
the fore body is fuller, and has more displacement than the 
after body. Therefore, in increasing in draught, the longi- 
tudinal centre of buoyancy will travel forward (since it must 
remain in the centre of displacement), and the fore end of the 
vessel, having more support, will sink less than the after end. 
Hence, the change of trim. 

In lecturing before ships’ officers, the question has more than 
once been asked, Is it possible with a vessel trimming by the 
stern and the centre of the disc on the load waterline, to place 
any-more cargo on board and yet not submerge the disc, and, 
consequently, not increase the draught ? 

To such a question it is certainly possible to answer “yes,” 
but such a vessel would be so exceptional in her design that the 
answer is practically “no.” 

For on examination of the lines of ordinary vessels, it is 
generally found that the fore body is slightly fuller than the 
after body, but this fulness takes place usually on the lower 
lines. At the region of the load line, however, the greatest 
fulness is usually aft, so that, imagining the vessel to be floating 
first at the waterline W L (Fig. 17), and then by shifting weights 


Fig. 17.—WEDGES OF BUOYANCY. 


forward to float at AB, the wedge y would generally be of 
‘greater volume than 2. 

We have already seen that before a vessel will float at rest at 
any waterline, the weight of displacement and the buoyancy 
must equal each other. If by any means the weight of dis- 
placement be increased, the vessel will increase in draught; if 
by any means the buoyancy be increased, the vessel will rise out 
of the water, and the draught will be decreased. 

Thus it follows that if the fore wedge & be less in volume than 
the aft wedge y, the draught would actually be slightly increased 
since the buoyancy is less. If « and y be equal, no change will 
take place in the draught, and only when a is greater than y 
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would any reduction in the mean draught be observed. Such is 
not likely to occur except in ill-designed vessels, for the effect 
upon the speed by the production of great resistance would 
certainly outweigh the consideration of carrying a trifle more 
deadweight at such a cost. 

Again, suppose the vessel to be floating at the waterline A B, 
and weights to be then shifted aft, so that the waterline is now 
at W L. If the volume of the immersed wedge y is more than 
the emerged wedge 2, the draught will be somewhat decreased, 


le i, | 


Cylinder floating upright. Cylinder inclined to 20°. 


Wedges of immersion and emersion. 


Fig. 18.—WeEpGES oF BUOYANCY IN A CYLINDER. 


and if y be less than a, an increase in draught would occur. We 
have observed that the vertical centre of buoyancy is the vertical 
centre of the displacement, and that with every transverse move- 
ment of the vessel (whether by means of external force in river 
or dock, or under the influence of wind or waves) there is a cor- 
responding movement of the centre of buoyancy into the new 
centre of displacement. We shall now see how this new position 
may be found, and in this again the study of moments (Chapter 
II.) comes to our assistance. 
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Fig. 18 is a cylinder 10 feet in diameter, 20 feet long, and 
floating at 5 feet draught. The displacement in this condition 
would be 4 x 10? x -7854 x 20 = 7854 cubic feet. B is the 
centre of buoyancy when floating upright. Let the cylinder be 
inclined to an angle of 20°. Observe clearly what takes place. 
W L was the original waterline ; after the inclination the water- 
line is W’ L’, so that the wedge A, which was previously actual 
buoyancy, has come out of the water and become reserve 
buoyancy, and the wedge B, which was formerly reserve buoy- 
ancy, has become actual buoyancy. (let g and & be the centres 
of buoyancy of each of the wedges). This simply amounts to 
shifting the wedge of buoyancy, with g as its centre, to the 
position of the wedge, with & as its centre, a distance of about 
63 feet. Let the wedge, with g as its centre, equal 87 cubic 
feet, and, as just stated, the distance from the centre of buoyancy 
of the emerged wedge to the centre of buoyancy of the immer-ed 
equal 64 feet. As the volume of displacement must be the 
same, at whatever angle of inclination, it follows that the wedge, 
with & as its centre, will equal 87 cubic feet. Now the new 
centre of buoyancy of the whole figure must have travelled in 
the direction in which the actual buoyancy was shifted ; that is, 
to starboard of its original position in the figure—viz., to B}, 
and in a line parallel to the line joining g and 4, the centres of 
the wedges. The exact distance may be found by multiplying 
the volume of the wedge of buoyancy moved, 87 cubic feet, by the 
distance moved, 64 feet, and dividing by the total volume of dis- 
placement ; or, in other words, the volume of buoyancy. 

87 x 64 

785°4 

In coming to vessels of ship form, the principle of finding the 
shift of the centre of buoyancy is exactly the same, but there is 
a difference in the wedges. In one respect, however, the two 
wedges in any one ship do not differ, and that is, that the 
volume of the wedge of immersion is always equal to the volume 
of the wedge of emersion. In cylindrically-shaped vessels, whose 
waterline passes through the centre of the cylinder, revolving 
as they do on the centre of their. diameter, not only are the 
wedges equal in volume, but identical in shape, any sections 
of the wedges all fore and aft being exactly similar. This 
is not so with vessels of ship form, for in these the wedges 
of immersion and emersion vary very considerably in form, 
especially towards the ends, and even more so still if the angle 
to which the vessel is inclined be great. 

A little thought or personal observation of the actual form 
of a ship’s hull will make this the more clear. 


= ‘72 feet, centre of buoyancy moved to starboard. 
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Thus, while it is a simple matter to find the centre of gravity 
of the wedges of immersion and emersion of a floating cylinder— 
whose waterline passes through the centre of the cylinder—it 
entails more work to find the corresponding points in an actual 
ship; and, while outside the sphere of this book, it is a simple 
enough matter for the naval architect or shipbuilder. 

Effect of Entry of Water upon Buoyancy.—tThere is 
still another aspect of the subject of buoyancy which calls for 
some attention. Suppose, first of all, that by some means or 
other a quantity of water enter the hold of a vessel. What will 
be the effect? This will all depend upon how the water entered. 
Let us imagine that the sea breaking over the bulwarks entered 
by means of some deck opening—hatchway, for instance—the 
outside shell plating of the vessel being intact and perfectly 
watertight. The result of water finding ingress in this way 
would exactly resemble the result of loading cargo, the water 
being deadweight at the rate of 35 cubic feet to 1 ton. Should 
water continue to enter the vessel, the draught would gradu- 
ally increase until, if it happened that the total weight of 
the vessel, cargo, and water in her were more than the 
maximum possible displacement, she would naturally sink. 
If, on the other hand, when the hold was filled, the total 
weight of the vessel and the water in her were less than 
the maximum possible displacement, she would remain afloat 
—that is, disregarding the effect such might have upon the 
stability of the vessel, and also taking it for granted that little 
change of trim took place ; for otherwise, should the water find 
ingress into a large hold towards the end of a vessel, this might 
result in her going down by the head or stern, as the case might 
be. But let us take an entirely different case. Supposing the 
outside plating in the way of some hold be damaged below the 
load waterline, the sea would consequently rush in. Ifthe hold 
were empty, it would fill, unless prevented, up to the level of 
the outside sea level, with water. But this is different from the 
former case, where water was poured into the hold from above. 
There the water acted as deadweight, but not so in this example, 
as there is now free communication between the water in the 
hold and the sea outside. What has happened is this? The 
vessel has been robbed of the total buoyancy, both actual and 
reserve, of this compartment, even though it be found that, after 
increasing in draught, she still floats with considerable free- 
board. The empty space from the water in the hold to the top 
of the hatchway, as stated, is no longer reserve buoyancy, and 
the vessel has lost the entire buoyancy of this compartment ; 
and if it happens that the total buoyancy of the other intact 
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compartments of the vessel is greater than the total displacement, 
as it was before the structure was damaged, and before the water 
entered, the vessel will float. If, on the contrary, the vessel 
possesses less remaining buoyancy than this, she will be entirely 
immersed, and will sink. This will perhaps be somewhat clearer 
if illustrated by a box vessel, as shown in Fig. 19. The vessel 


Fia. 19.—Errect on Buoyancy oF ENTRY OF WATER INTO A 
DAMAGED COMPARTMENT, 


is divided into three watertight compartments by two water- 
tight bulkheads, and floats at the waterline, W L. The centre 
compartment is damaged, and its actual and reserve buoyancy 
entirely lost, the sea having free entrance. If the sum of the 
volumes of A A (the reserve buoyancy) and BB (parts of the 
original actual. buoyancy) be at least equal to the original actual 
buoyancy—that is, to the whole of the volume below the original 
waterline—it is possible for the vessel to float; if it be less, she 
will inevitably sink. 

The reader must bear in mind that the inflow of water into 
such a hold as this has added nothing whatever to the weight of 
the ship, although the draught has increased ; the weight, or the 
total displacement, remains exactly the same, but the entire 
empty space in the damaged hold is to be left out altogether, 
and ignored in reckoning upon the actual and reserve buoyancy. 
In increasing her draught, the vessel has simply taken from the 
reserve buoyancy in the other watertight and intact compart- 
ments a volume equal to the volume of that part of the damaged 
compartment which was previously below the waterline, and 
which was, therefore, previous to the accident, in use as actual 
buoyancy. 

Again, suppose this accident happened to the vessel when her 
hold was filled with cargo, say timber, for example. How does 
she stand now? ‘The water will flow into the hold, and occupy 
what space it can. This will naturally be very small indeed, 
since the hold is already practically full. As the water cannot 
possibly occupy the space taken up by the timber, it has to be 
content with what remains. Therefore, the volume below the 
original waterline of all the corners and crevices not occupied 
by the timber is lost actual buoyancy, and the vessel will sink 
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until she has taken from the reserve buoyancy a volume equal 
to the volume of the space unoccupied by the timber, and below 
the original waterline, which, in most cases, would be com- 
paratively little. 

Camber or Round of Beam.—Vessels classed at Lloyd’s 
require that all weather or uppermost decks have a round upon 
them, or camber, of at least + inch to 1 foot of beam. Thus, a 
vessel of 40 feet beam will have a camber of 4+ inch x 40 = 10 
inches, and will, therefore, be 10 inches deeper at the middle 
of the breadth at midships than at the sides. One important 
advantage to be gained by this is an addition to the reserve 
buoyancy, and, little as it may seem, its importan+e is so re- 
cognised, that if the stipulated amount of camber be reduced, 
an increase of freeboard is demanded ; if the amount be exceeded, 
a reduction in the freeboard is allowed (see Chapter on ‘“ Free- 
board ”’). 
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Relation of Weight of Material in Structure to Strength.— 
It would be rather absurd to commence the study of the struc- 
ture of ships—whether they be steamers, sailing ships, or 
yachts — before first having some knowledge of the strains 
which, under varying circumstances, they would most probably 
have to bear. To build a ship capable of enduring, without 
damage to its structure, every possible strain which might be 
brought to bear upon it, however excessive, would necessitate 
the introduction of such an amount of heavy material into its 
structure as to render it greatly deficient in its carrying capacity. 
It does not even follow that the vessel with the heaviest 
material is necessarily the best, or even the strongest, ship, 
but rather the one with the lightest material so combined as 
to give the maximum strength and efficiency, and sufficient 
to cover the strains which in all likelihood, under reasonable 
circumstances, would have to be endured. This is the aim of 
all such classification societies as Lloyd’s, Bureau Veritas, The 
British Corporation, &e. 

Ships are built on a combination of two systems of framing 
—viz., longitudinal and transverse. 

Longitudinal framing includes all those structural parts of a 
vessel which run in a fore and aft direction, and afford longi- 
tudinal strength. 

Transverse framing includes all material giving transverse or 
athwartship strength. 

As has been already indicated, the strongest ship is only 
obtained when these two systems have been intelligently woven 
together, the strength of the one co-operating with the strength 
of the other—that is, in relation to the work which they have 
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todo. When this is accomplished the whole is then covered by 
a skin in the form of a shell-plating and decks, and by this 
means the skeleton or framework of the ship is still farener 
united and strengthened. 

Strain when Floating Light.—Looking at an ordinary cargo 
steamer floating in the dock in her light condition, and lying at 
rest at her moorings, one would almost imagine at first sight 
that she is perfectly free from strain. But on investigation 
this is found not to be so. As has been previously shown, any 
object placed in water, whether it be a ship or a log of wood, 
will sink until it has displaced a volume of water equal in 
weight to itself. Or, in other words, before the object will 
remain stationary, and at rest at any waterline, the downward 
pressure of the weight of the object floating must be exactly 
balanced by an equal upward pressure of the water. 


Fias. 20 and 21.—SrTrains oN VESSEL Fioatine Licut. 


Relation between Weight and Buoyancy.—Supposing the 
vessel shown in Fig. 20 be 200 feet long, and classed at Lloyd’s, 
she would require four watertight bulkheads, one at each end of 
the engine and boiler space, a collision bulkhead at the fore end, 
and another bulkhead at the aft end. The weight of the vessel 
light being, say, 500 tons, if placed in the water would displace 
a volume of water 500 tons in weight, and would thus remain 
stationary, say, at the waterline, W L. 

But suppose the vessel could be divided off into five separate 
parts at the four watertight bulkheads, and each part floated 
separately, as shown in the sketch (Fig. 21). It will now 
be seen that the draughts vary for each part, and none of them 
float at the original waterline. A little observation will soon 
explain this. The total weight of all the parts is exactly the 
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same, and therefore the total water displaced is the same; but 
throughout the length of the vessel there is an unequal distribu- 
tion of weight and buoyancy. ‘Thus, for example, referring to 
the sketch, parts 1 and 5—the ends of the vessel—being very 
fine, and yet of considerable weight, which is increased by the 
poop and forecastle, in order that they may be balanced by the 
buoyancy they will have to sink to the draught as shown. In 
parts 2 and 4 we have the vessel rapidly increasing in internal 
capacity or fulness, and small in weight in comparison with the 
volume of the enclosed space, the result being that these parts 
float at a less draught than previously. In No. 3 we have the 
fullest part of the vessel with greatest floating power. But in 
this compartment is concentrated the weight of engines and 
boilers, which tends to increase the draught upon what it is in 
the combined ship. Thus we see that throughout the length 
there is a series of upward and downward vertical strains, as 
shown by the arrows, tending to alter the form of the vessel 
longitudinally. Note that these strains tend to alter the form of 
the vessel. This affords one consideration for the naval architect 
or shipbuilder, in constructing an efficient ship—namely, that 
there is sufficient strength to prevent any such alteration in 
form taking place, or even any sign of such strain being 
endured. 

Strains in Loading.—Now it can easily be seen how these 
strains may be considerably increased when loading; for 
instance, if in the case of a miscellaneous cargo the heavy 
weights be placed towards the ends of the vessel where the 
buoyancy is least, the tendency of the ends of the vessel to 
droop would be greatly aggravated. The endeavour should be 
to distribute the heavy weights of the cargo so as to produce a 
balancing effect between the forces of weight and buoyancy, and 
thus avoid great local excess. By this means it is possible to 
reduce the strain even from what it is in the light condition. 
In considering strains at sea, the evil of bad loading will be 
seen still more clearly. 

In addition to these vertical strains to which the vessel is 
subject while lying at rest, there are collapsing strains acting 
upon every portion of the immersed skin of the ship (see 
Fig. 12, Chapter III.). For, be it remembered that the forces 
of buoyancy act in perpendicular lines to the immersed surface. 
Thus, while there is an upward pressure tending to thrust the 
vessel out of the water, there are also horizontal and oblique 
forces tending to crush in the sides of the ship. 

Tt will be obvious that the greater the immersed girth of the 
vessel, the greater the strain. Thus, the strain is greatest at 
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midships, and on each side of midships; and towards the ends as 
the vessel becomes finer, it gradually diminishes. Considerable 
as strains in still water may be under certain circumstances, 
on investigating the strains experienced at sea we shall see how 
enormously they are increased. 

First, observe the strains endured by a ship in the condition 
shown in Fig. 22. Here the vessel is supported at midships 
on the summit of a wave, the extremities being practically 
unsupported. The ship may now be compared to a hollow 
girder with weights ranged miscellaneously throughout its 
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Fies. 22 and 23.—STRAINS OF VESSELS ON WAVES AND IN TROUGHS, 


length, and supported only at the centre, the result being a 
severe hogging strain tending to make the ends droop. 

Distribution of Material to Resist Bending.—The question 
now arises, How should the material employed in the con- 
struction of the vessel be distributed so as to withstand this 
tendency to bend ? 

In Fig. 24, let A B be a bar of iron or steel 100 feet long, 
supported at the middle of its length, and with a weight of 
10 tons attached to each end. This would not be an exact 
illustration of a loaded vessel supported at midships upon a 
wave as in Fig. 22, but it will form a fair approximation to the 
strains experienced by a vessel when in a light condition with 
large peak ballast tanks full, or it will show the evil of loading 
a vessel with the heaviest cargo at the ends, and will serve to 
illustrate the principle it is wished to make clear. Let the 
sectional area of the bar be the same throughout its length. 
The bending moment of each weight would be 10 x 50 = 500 
foot-tons, and the tendency of the bar would be to bend or 
break at the point of support since the strain is greatest at this 
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point. The tendency to break at 10 feet on each side of the 
support would be 10 x 40 = 400 foot-tons, and at 20 feet from 
the support 10 x 30 = 300 foot-tons and so on, the tendency 


Fig. 24.—SrTra1n oN A BAR LOADED AT EACH END. 


to break diminishing towards the ends as the leverage decreases. 
The bending moment at any section from the centre to the end 
of the bar might be graphically illustrated in the following 
manner ;— 


Cc 
Fia. 25.—DIstRIBUTION OF BENDING MoMENT, 


Let W = weight hung at each end of bar. 
» UL= half length of bar (that is, length from centre to end of bar). 
», M = maximum bending moment (which occurs at centre of bar). 


Make M equal weight multiplied by leverage—W x L = 10 x 50 = 500 
foot-tons at the middle of the bar. 
Join C W. 


Let M be set off to any arbitrary seale; then by using the 
same scale the bending moment can be measured at any inter- 
mediate position between the support and the weight. In a 
similar manner the strains experienced by a vessel supported at 
the middle of her length upon a wave are greatest in the region 
ot the half length amidships. The structural arrangements in- 
troduced, and the great value of such erections as long bridges 
over the middle of the length in affording strength to resist 
those bending strains, will be shown at a Jater stage. 

Now, supposing the bar in Figs. 24 and 25 to be 4 square 
inches in sectional area, the question may be asked, Is it 
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possible to arrange the material, preserving the same sectional 
area so as to get greater efficiency in resisting longitudinal 
bending? Let the bar be rolled out so as to make it 8 inches by 
4 inch in section (same sectional area as previously), the length 
remaining the same. It will easily be seen that if the bar (or 
plate, as it now is) be supported as before with the wide 8-inch 
side horizontal, and the weights attached to its extremities, that 
it possesses less resistance to bending than when the bar was 
square in section. 

But should the bar be supported with its wide 8-inch surface 
vertical, it will be found that its resistance to bending has been 
increased beyond what it was in the square section of the bar. 
Let us make a brief examination of this difference of resistance 
to bending with the same sectional area. 

Let Fig. 26 represent the 8-inch by 3-inch plate, placed with 
the 8-inch side vertically, and let AB be the neutral axis. 
(The neutral axis is an imaginary 
line of no strain passing longi- 
tudinally through, say, the centre 
of depth of the plate. Since the 
plate is 8 inches deep, it will 
be 4 inches from each edge.) 
Supposing a weight be attached 
to each end of the plate, observe 
what must take place before it 
can bend. On the upper edge 
there must be considerable expansion or elongation, and on the 
lower, contraction or compression. The wider the plate is made, 
the greater will be the resistance to tensile strain on the upper 
edge, and compressive strain on the lower. It will also be found 
that the nearer the neutral axis is approached, the less elonga- 
tion and compression are required to result in the same amount 
of bending, and at the neutral axis there is neither elongation 
nor compression. 

Now, theory and experiment agree in showing that the 
stretching and compressive stresses at the top and bottom 
edges are now (8 inches by 4 inch wide side vertical), only one- 
fourth of what they were when the bar was square in shape 
(2 inches by 2 inches), and only one-sixteenth of what they are 
when the bar is 8 inches by 4 inch, but laid with its thin edge 
vertical (the formally stated law is that the resistance of the bar to 
this kind of stress varies directly with the square of the depth of the 
bar, and directly as its breadth). 

The resistance to bending, moreover, will be greatly increased 
if the vertical plate be turned into a girder by attaching a bulb 


Fic. 26.—BENDING RESISTANCE OF 
Bar PLACED VERTICALLY. 
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to its upper and lower edge, as shown by A in Fig. 27, or by 
adding strengthening flanges to the upper and lower edges, where 


the tensile and compressive strains are greatest, for example see 
Fig. 27, B, C, D, E, and F. 


eet tL 


Fig. 27.—BENDING RESISTANCE OF GIRDERS. 


Types of Vessels subject to Greatest Strain.—The prin- 
ciples which apply to a plate or girder apply equally well to a 
ship, for, after all, a ship is simply a huge, hollow girder, and 
from the foregoing reasoning the following deductions may be 
made :— . 

Ist. That vessels of great length, and therefore subject to 
excessive bending moment among waves, require more longi- 
tudinal strength than short ones (not necessarily more trans- 
verse strength). 

2nd. That long shallow vessels possessing less resistance to 
tensile and compressive strains require additional longitudinal 
strength. 

srd. That in all vessels more strength is required in the 
region of midships, and may be gradually reduced towards the 
ends. 

Strains among Waves.—In studying the case of a ship in 
the condition shown by Fig. 23, it is observed that since the 
ends are supported on waves, and the midship part, containing 
engines, boilers, bunkers, &c., is to a large extent unsupported, 
the vessel, especially if a long one, will endure a severe sagging 
strain tending to make her droop amidships. There are cases 
on record where long, shallow vessels have actually fractured 
through the middle and sunk. The vessel may now be com- 
pared in some measure to a bar, supported at the ends with a 
weight in the centre, thus— 


Fic. 28.—BAR WEIGHTED IN THE CENTRE, 
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and if the weight be, say, 10 tons, and its distance from each 
support 50 feet, then by the following diagram the bending 
moment may be illustrated :— 


Fra. 29.—DiIsTRIBUTION oF BENDING MoMENT IN Bar. 


Here, 10 tons in the middle gives 5 tons pressing on each 
support, and the bending moment in the middle (= pressure x 
leverage) = 5 tons x 50 feet = 250 foot-tons = M. 

Set off M (250) to any scale, and join CB and CA. By 
using the same scale, the bending moments can be measured at 
any intermediate position between the support and the weight. 
Here again in this illustration it is shown that the longitudinal 
bending moment is greatest at the middle of the bar correspond- 
ing to the midship portion of the ship, decreasing towards the 
ends, where it vanishes altogether. This provides another 
reason why vessels should have greater longitudinal strength 
amidships than elsewhere. 

Moreover, owing to the rapid transit of the waves, and, there- 
fore, the unequal distribution of weight and buoyancy, the 
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Fic. 30.---Strains Duge To RoLLInc amona WAVES. 


vessel is subject to a succession of severe and sudden strains. 
It will also be seen that in rolling among waves, there is a great 
tendency for a vessel to alter in transverse form. Under such 
circumstances she may be compared to a box, as shown in Fig. 30, 
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If a series of irregular collapsing strains be put upon the 
exterior of the box, the tendency is not so much to fracture 
in the positions shown by the wavy lines, but to work at the 
corners. Exactly the same thing takes place with a ship at sea 
as she rolls among the waves. The strain tends to have the 
effect shown in B, Fig. 30. 

Thus in determining the size and arrangement of all material 
in the construction of ships, there must be sufficient longitudinal 
strength to resist all longitudinal bending forces, and sufficient 
transverse strength to resist all collapsing forces or alteration to 
transverse form of the nature already described, with a reason- 
able margin for safety. 

As has been already shown, it is not necessary to have as 
much sectional area of material towards the ends of the vessel, 
as near amidships, since the strain is less; but, nevertheless, 
in comparison with the strain which has to be borne, both 
sections should be equally able to withstand such strains as 
come upon them, for it should be remembered that the vessel 
is no stronger than her weakest part. 

Thus far, only strains affecting the ship as a whole have been 
considered, but there are several other strains it is necessary to 
take into account which only affect the vessel locally. 

1. Panting Strains.—The fore end of the vessel, especially 
when of a bluff form of stem and driven at a high speed, being 
the first part to pass through the water, naturally suffers great 
head resistance, tending to make this part pant or work in 
and out. 

2. Strains due to Propulsion by Steam.—These strains may be 
divided into (1) strains owing to weight of engines and boilers, 
and (2) strains due to vibration of shaft, &c. 

3. Strains due to Propulsion by Sail.—tIn vessels with lofty 
masts and much sail area, great strain is transmitted to the hull 
through the masts by the force of the wind and the action of 
rolling. 

4. Strains owing to heavy permanent weights carried, such as 
winches, windlass, cranes, anchors, guns, We. 

5. Strains from Deck Cargoes.—It is customary with many 
vessels, such as those engaged in the “ Baltic” trades, to carry 
coal or some other British export on the outward voyage, and 
to return with cargoes of timber, and in order to get the vessel 
down to her load waterline large deck cargoes are carried. 
Many of the shipmasters engaged in such trades are not 
unacquainted with the fact that owing to the heavy deck weight 
these vessels are severely strained, and sometimes take a set 
or sort of twist, and this is only discovered after the cargo has 
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been removed, and perhaps not until even a few days later still, 
when the vessel, sometimes with a considerable report, frees 
herself from her strained condition with a severe trembling 
from stem to stern. On examination it is found that very many 
of the rivets in the heads of the hold stanchions or pillars have 
been sheered, and considerable damage done to the beam knees. 
This is an abundant proof that vessels intended to carry heavy 
deck cargoes require special strengthening. 

Such damage as that just explained might often be obviated 
by wedging or shoring the space between the top of the hold 
cargo and the beams, thus assisting the beams in enduring the 
strain of the deck cargo. 

6. Strains from the shipping of seas against poop or bridge 
fronts. Bridge and poop fronts with closed ends are subject to 
sudden and severe strains owing to the shipping of heavy seas, 
which will evidently spend their force against these bulkheads. 
Such parts, therefore, require special attention, and it is only 
possible to secure the maximum allowance on the freeboard 
when these parts are most efficiently constructed. 

7. Strains from Loading Cargoes Aground.—Vessels engaged 
in trades where it is known that they will lie aground during 
the operation of loading and unloading, require special stiffening 
on the bottom. And so on, cases might be enumerated where, 
special strain having to be endured, special strengthening must 
be provided. 

Excessive strains, such as those borne by a vessel when run 
ashore, as frequently happens, so that one end only is water- 
borne, or where the vessel, possibly laden with a heavy cargo, 
is laid across a sandbank, with ends unsupported when the tide 
has left her, the shipbuilder cannot attempt to cover, but all 
strains, such as those already mentioned, may be thoroughly 
provided against. 

A vessel in dry dock, unless carefully shored, may be con- 
siderably damaged. Cases of dry docking where the bilges 
have drooped have occurred through carelessness or ignorance. 
Having briefly enumerated the chief strains borne by a vessel 
under various circumstances, the reader will now be better pre- 
pared to understand why exceptional strength is introduced into 
the structure, either considered as a whole, or in particular parts 
only. 
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ConTENTS.—Parts of Transverse Framing, and How Combined and United 
to Produce Greatest Resistance to Alteration in form—Sections of 
Material Used—Compensation for Dispensing with Hold Beams—Parts 
of Longitudinal Framing, How Combined and United to Transverse 
Framing to Produce Greatest Resistance to all Kinds of Longitudinal 
Bending and Twisting—Forms of Keels and Centre Keelsons, and their 
Efficiency—Distribution of Material to Counteract Strain—-Value of 
Efficiently-Worked Shell and Deck Plating in Strengthening Ship 
Girder—Definitions of Important Terms—lIllustration of Growth of 
Structural Strength, with Increase of Dimensions by means of Pro- 
gressive Midship Sections—Special Strengthening in Machinery Space 
—Methods of Supporting Aft End of Shafts in Twin-Screw Steamers— 
Arrangements to Prevent Panting—Special Strengthening for Deck 
Cargoes and Permanent Deck Weights, and also to Counteract Strains 
due to Propulsion by Wind—Types of Vessels—Comparison of Scant- 
lings of a Three-Decked, a Spar-Decked, and an Awning-Decked Vessel 
—Bulkheads—Rivets and Kivetting. 


Transverse Framing.—The parts of the structure of a ship 
affording resistance to transverse strains, according to the usual 
mode of construction, are included in the combination known as 
transverse framing. A complete transverse frame comprises a 
Jrame bar, a reverse bar, a floor plate, a beam, and a pillar, 
efficiently united. According to the size of the vessel, the 


BOSOM PIECE. 
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Fig. 32.—ANGLE Bar. 


spacing of the transverse frames varies from about 20 to 26 
inches from stem to stern. Let us take for our example an 
ordinary merchant steamer, a midship section of which is shown 


in Fig. 31. 
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The frame bar extends continuously from keel to gunwale in 
this type of vessel. Should there, 
from any cause, be a break in the 

SS ip length of the frame, the strength 
at ree should be preserved by lapping the 
parts to make the connection, or by 

FRAME fitting angle butt straps, or other 

i van efficient means of compensation should 
be adopted (see Fig. 32, and section 

A B in Fig. 31). This indeed is a 

rule which should be rigorously ob- 

served throughout the construction 

of a ship, that wherever a structural 

/FRAME part is weakened, the strength be fully 

B ae recovered by compensation in some form 
or other. Ifthe frames meet or butt 

REVERSE on the keel, as they usually do, they 

FRAME are connected by pieces of angle bar 

about 3 feet long, fitted back to back, 

which, in addition, provide a sub- 

stantial means of connection to the 

shell plating. The usual form of 

C frame is the plain angle bar (see A, 

: Fig. 33). 

It will be noticed that one flange 
of the bar is longer than the other, 
the long flange always points into 
the interior of the ship, and the 
short one is attached to the shell 
plating. Since the greater the girth 

D i i of the vessel, and thus the greater 
the collapsing strain, it is evident 
that the vessel needs more transverse 
strength in the region of midships, 
where it is fullest, than towards the 
ends. It is, therefore, usual to make 
the frames one-twentieth of an inch 

J thicker for three-fifths of the length 

E le aes at amidships than at the ends. The 

frame bar is made stronger and more 
rigid, and, therefore, the better able 
to keep out the ship’s side by means 
of a reverse bar, which is similar in 
section, but smaller in size. It is 
rivetted to the back of the frame (see B, Fig. 33), and being 


Fiq. 33.—FRAME Bars. 
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on the side of the frame hidden from view in Fig. 31, it 
is there shown in dotted lines. The reverse bar does not 
always extend to the same height as the frame. As will be 
seen further on, its height is governed by the transverse dimen- 
sions of the vessel, for the greater the girth and beam, the 
greater the need for transverse strength. Across the bottom 
of the ship, and extending well up the bilge, is a deep plate 
called a floor plate. On the lower edge of this plate is attached 
the large flange of the frame bar, and across the other side on 
the upper edge is bent and rivetted the reverse angle after it 
leaves the frame (see section A B, Fig. 31). The floor plate, 
being now converted into a girder, affords great stiffness and 
strength to the bottom of the ship. 

Instead of the usual frame and reverse frame there are other 
sections of bar iron or steel which may be used. For example, 
there is the Z-bar (see C, Fig. 33), which is a combination of 
the frame and reverse frame rolled in one section, thus saving 
the necessity of rivetting these two together. It is very strong, 
and is extensively used in the building of ships for the Royal 
Navy. 

A very similar bar to this, sometimes used for framing large 
vessels, is the channel iron section shown in D, Fig. 33. 

This also saves the rivetting of a reverse bar. When this 
section is used, it is generally dispensed with towards the ends 
of the vessel, and the ordinary frame and reverse angle bar 
substituted, as it is difficult to bend and bevel the channel bars 
as required at the ends of the vessel. There is also the bulb 
angle section (see E, Fig. 33.) 

This is sometimes adopted in vessels where no sparring is 
required in the holds, thus permitting some kinds of cargo to be 
trimmed right against the shell, an advantage being gained in 
cubic capacity. By this means also the reverse bar may be 
dispensed with when the bulb angle is made strong enough to 
equal the frame and reverse bars together. 

Another important part of transverse framing is the beams, 
uniting, as they do, the upper extremities of the frame bars and 
holding them in position, thus forming the foundation for decks. 
In addition, they complete the transverse section of the hollow 
girder into which we have resolved our ship. It would be 
useless to secure sufficient structural strength in the various 
bars forming the transverse skeleton of a vessel, unless at the 
same time-every attention were given to the efficient connection 
of these parts to one another. We have already noticed how 
the frame butts are strengthened and connected, but there is 
‘still the connection of the frame and the beams. ‘This is done 
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by welding or rivetting to each extremity of the beam a knee 
plate (Fig. 34.), which is fitted into the bosom of the frame. 


Elevation. 


Pe rece 


Plan. 
Fia. 34.—Bram KNEE. 


The British Corporation 
recognises the necessity of an 
efficient connection at this 
part, by compelling all ships 
built under its survey to have 
knees, three times the depth 
of the beam, and one-and- 
three-quarters the depth at 
the throat, to all beams in 
the way of the main deck. 
Lloyd’s require the depth of 
the knee to be two-and-a-half 
times the depth of the beam, 
and one-and-a-half times the 
depth of the beam at the 
throat for steam vessels, while 
for sailing ships over 36 feet 
broad the knees must be 
three times the depth of the 
beam. 

Like frame bars, the beams 
may vary in sectional form. 
Under iron or steel decks it 
is usual and better to fit 
angle or angle bulb beams 
to every frame, and under . 
wood decks, on alternate 
frames, beamsof the following 
sections may be adopted :— 

(1) Butterly Bulb (see A, 

Fig. 35). 
(2) Bulb Plate, and double 


angles rivetted to its upper edge (see B, Fig. 35). Or, 


(3) Channel Bar (see D, Fig. 33). 


B 


m2 


A 


Fie. 35,.—Brams. 


Compensation for Dispensing with Hold Beams, —How- 
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ever, these may be considerably modified according to the 
length of the beams, since the length of the beams determines 
the size of bar to be used. Vessels may have two, three, four, 
or more tiers of beams, according to their depth. Now, let us 
suppose a shipowner is about to have a vessel built with a 
depth of 16 feet. He finds, if he intends to class the vessel at 
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Fia. 36.—Supstitutes ror HoLtp BEAMS. 


Lloyd’s, that she requires hold beams fastened to every tenth 
frame, and at the extremities of the beams a stringer plate (see 
Fig. 31) securely attached to beams and shell. But as these 
would interfere with the stowage of cargo he intends to carry, 
let us see what alternative he may adopt in order to dispense 
with the hold beams, If he wishes, he may fit transverse web 
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frames (see Fig. 36) at distances of eight frame spaces apart all 
fore and aft; this compensates for loss of beams. 

In addition, there must be fitted a longitudinal web frame, or 
web stringer as it is called, all fore and aft, between the trans- 
verse web frames, and securely attached to them by angles on 
the upper and the lower sides, and also by means of an efficient 
diamond plate on its front edge. This compensates for the loss 
of the stringer plate on hold beams. The next thing to be done 
is to have the upper extremities of the web frames firmly tied 
together and held in position. This is done by fitting extra 
strong beams across the vessel, attached to the web frames by 
extra strong deep knees. Since the function of the beam and 
stringer plate is to tie and stiffen the sides of the ship, the web 
frame being a transverse plate girder, and the web stringer a 
longitudinal plate girder, the one firmly united to the other 
enables them to do their work together, and thus serve the same 
purpose. It will be observed that the web frame shown in Fig. 
36 is a continuation of the floor plate, and also that both it and 
the web stringer are stiffened by double angles on their inner 
edges. 

Another alternative is to stiffen the ship at every frame space 
all fore and aft, by fitting two large angles back to back (Fig. 

37). This method makes a substitute for 

both hold beams and reverse frames. 
There is still another part in the trans- 
verse framing to be noticed—namely, the 
pillars. They are rivetted to the beams, 
and usually to the girder on the top of the 
; floors, or some other part of the bottom 
Boe 5 SUSE of the vessel. They bind the upper and 
i tewece cers: lower parts of the structure together, and 
perform the function of a strut and a tie 
by holding the beams and the bottom of the ship in their right 
positions relatively to each other; and thus by uniting the two 
great horizontal flanges of the ship girder, the deck and the 
bottom, they enable them to act in unison in resisting longi- 

tudinal strains. 

When considering the subject of strains, we noticed that in 
rolling among waves a vessel has the tendency to alter her 
transverse form, and to work at the corners. After observing 
the combination constituting transverse framing, we shall now 
be able to see how these parts unite in offering resistance to 
the alteration of transverse form. 

1. At the Bilge Corners.— Here we have the floor plate curved 
up the bilge to a height of twice its depth at the middle line of 
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the vessel, thereby supporting the bilge in the form of a web at 
every frame. 

2. At the Deck Corners.—In this case we see the efficiency 
developed by the deep beam knees in giving support in the form 
of webs at every beam. 

3. Furthermore, there is the great assistance provided in the 
form of the beams themselves holding the sides of the vessel 
rigid, the beams being in their turn supported by the pillars. 

Longitudinal Framing.—The longitudinal framework of the 
vessel is made up of the keel, keelsons, and stringers. These may 
partake of a variety of forms, with a few of which we shall 
briefly deal, together with the means adopted for binding them 
all together in order to secure an efficient and strong framework, 
The number of keelsons and stringers depends upon the size and 
proportions of the vessel. 

Keel.—The keel shown in Fig. 31 is known as the ordinary bar 
kee]. It is made up of long lengths of bar iron connected by 
means of scarphs, the length of which should be sufficient to secure 
a good connection (see Fig. 38). Ifthe vessel be classed at Lloyd’s, 
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the scarphs will be nine times the thickness of the keel, and if 
with the British Corporation, three times the depth of keel. 

The same method of connection unites the keel to the stem 
and the stern posts. These connections may also be made by 
welding, but this is seldom done. 

A superior arrangement of this kind of keel is the one known 
as the side bar keel (see E, Fig. 39). 

It consists of a deep plate extending down from above the top 
of the floors to the bottom of the keel, the thickness of the keel 
part being made up by attaching two side bars or slabs of iron, 
one on each side of the lower extremity of the centre plate. 
The whole is then rivetted to the two strakes of shell plating 
which cover the keel, and are called the garboard strakes (see 
Fig. 31). A thoroughly strong result is thus secured. Holes 
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are cut in the centre plate at the top of the keel to allow the 
heel piece, or frame back bar, as it is sometimes called, to be 
fixed in position. The butts or connections of these plates com- 
prising the keel must be kept well clear of each other, and 
separated by at least two frame spaces, wherever practicable. 


Fie, 39.—Kerts AND KEELSONS OF VARIOUS Forms. 


The centre plate being carried up above the top of the floors 
forms part of the centre keelson. Two horizontal plates are 
then attached to the floor plates, one on each side of the centre 
plate, the connection being made by means of the reverse angles. 
To the upper edge of the centre keelson plate two angles are 
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rivetted, and also two others on the top of the horizontal plates. 
The combination now forms a splendid backbone to the whole 
ship. It will be noticed in Fig. 31, as also in A, B, O, D, and 
- K, Fig. 39, that a short piece of angle bar called a lug piece is 
attached to the top of the floors on the opposite side to the 
reverse angle, thereby ensuring a doubly strong connection 
between the keelson andthe transverse framing, for unless the 
longitudinal and transverse framings are thoroughly united, 
their separate strength is of little value to the ship as a whole, 
and they would thus fail in their chief function. 

Keelsons.—The commonest form of centre keelson consists of 
a single plate standing upon the top of the floors with double 
angles rivetted to its upper and lower edges, as shown in B, 
Fig. 39. In addition, a plate called a rider plate is rivetted on 
the top of the two uppermost angles. The great disadvantage 
of this keelson, especially in large heavy vessels, is, that it 
affords no resistance whatever to buckling of the floors, and 
thus it has often happened that when vessels of this form of 
construction have grounded upon an uneven bottom, the keel 
has been sprung up, and consequently the floors having nothing 
between them to stiffen them vertically at their deepest part, 
have buckled. This lack of stiffening between floors is the 
great defect of all keelsons standing simply upon the top of the 
floors. 

- A very good kind of centre keelson is that shown in A,, 
Fig. 39. Here we have the deficiency in the previous keelson 
remedied. Its parts are as follows :—First, there is the deep 
bulb plate, with angles on its lower edge, attached to the top of 
the floors. Between one of the angles and the bulb plate an 
intercostal plate is let down between all the floors on to the top 
of the keel, and secured to the floors by vertical angle bars, as. 
shown. 

A now unfamiliar, though very efficient, form of centre keelson 
is sometimes to be seen in old vessels. A sketch of the same is 
shown in OC, Fig. 39. It consists of a continuous centre plate. 
extending from the top of the floors to the top of the keel, the 
latter being a broad thick plate known as a flat-plate keel. 
On the top of the floors a thick broad plate is laid, and attached 
to the vertical keelson plate by large double continuous angles, 
as shown. Since the entire centre keelson is continuous, it 
follows that the floor plates must butt on either side of it, the 
connections between the two being made by double angles. The 
‘vertical plates comprising the centre keelson are connected by 
double butt straps (see Fig. 69) treble rivetted. The horizontal 
plate is also rivetted to the reverse angles on the top of the 
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floors, and in addition to a short lug piece fitted on the top 
edge of the floor opposite to the reverse bar. This form of 
centre keelson is usually adopted in double bottoms (see 
Fig. 51). 

a D. Fig 39, we have another modification of a centre keelson 
with a flat plate keel. The centre plate is continuous, and 
extends above the top of the floors sufficiently high to take two 
large angle bars which are rivetted to two horizontal plates 
shown on each side of the centre plate, and also to the top of 
the floors. 

Keelsons and stringers are fitted for the purpose of giving 
longitudinal stiffness to the vessel, and also in order to tie or 
unite the transverse framing, so that when strain is brought to 
bear upon any particular part, it is transmitted to the structure 
as a whole. 

Keelsons and stringers are all forms of girders (see Fig. 31), 
varying both in number and size, according to the dimensions 
and structural requirements of the vessel. 

Those longitudinal stiffeners located along the bottom of the 
vessel between bilge and bilge are called keelsons, above the bilge 
they are termed stringers. 

Stringers.-—It will be noticed that wherever a tier of beams 
is fitted in a vessel, a broad thick plate, called a stringer plate, 
is attached to its extremities, and connected with the shell by 
a strong angle bar. This bar, called a shell bar, is fitted inter- 
costally between the frames if below the weather deck, and 
to the reverse frames extending above the beams a continuous 
angle bar is rivetted, and also to the stringer plate. If the 
deck is an iron or steel one, the plate at the end of the beams 
is still called a stringer plate. It is always thicker than the 
adjoining plating, and, being firmly connected with the beams 
and shell, it forms a splendid longitudinal stiffener to the vessel, 
acting in conjunction with the beams and transverse framing in 
keeping out the sides of the vessel to their proper position and 
shape, and in resisting longitudinal twisting strains. 

If the beams are widely spaced and no deck is laid, the stringer 
plate is supported by means of knees or bracket plates under- 
neath. 

We observed at the beginning of this chapter that not only is 
the transverse strain greatest, but the longitudinal also, in the 
region of amidships, and is gradually reduced towards the ends 
of the vessel, thus showing that a reduction may be made in the 
thickness of the material used in the construction towards the 
ends. This applies generally throughout the vessel, for, be it 
remembered, excessive strength is useless, 
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Distribution of Material to Counteract Strain.—With 
such an able means of conveying instruction to our minds as the 
eye, it seems very probable that, with short explanatory notes, 
a few sketches, showing both the arrangement and growth of the 
framing and plating, ranging from the smallest to large types of 
merchant vessels, will prove of more value, and will be plainer 
than perhaps pages of printed matter. Before doing this we 
must not omit to notice that although the first aim is to secure 
the greatest possible efficiency out of a good combination of 
longitudinal and transverse framing, yet immense strength is 
added by an efficiently worked skin, or shell plating, as it is 
more commonly termed. Some parts of this outside plating are 
capable of rendering more service to the structure than others. 

For example, the ordinary bar, or hanging keel, as it is often 
termed, has its only connection to the vessel by means of the 
strakes, or rows of plating, called the garboard strakes, on either 
side of the keel. The absurdity of connecting a thin plate toa 
thick bar with large rivets, widely spaced, will be easily under- 
stood, and thus the garboard strake is made thicker than its 
adjacent plating. Moreover, where no heel pieces are fitted, 
connecting the lower extremities or heels of the frames on one 
side of the vessel to those on the other side, the garboard strakes 
accomplish this by securing the heels of the frames firmly to 
the top of the keel. It also adds stiffness to the bottom flange 
of the ship girder. ; 

We have already seen the advantage of strengthening the 
upper and lower edges or flanges of a girder in increasing its 
efficiency to resist longitudinal bending, and since a ship, as 
previously stated, is simply a huge hollow girder, any method 
of deepening it vertically (ship’s side plating, &.), or increasing 
the strength of its upper and lower flanges, must add to its 
longitudinal strength. Hence it is compulsory if a vessel be 
classed to have its uppermost strake of outside plating, called 
the sheer strake, and sometimes the strake next below, increased 
considerably in thickness (see Fig. 31). Also on the bottom of 
the girder, in the region of the bilge, one or two of the strakes 
are thickened in long vessels. Midway between the bilge and 
the sheer strake—approximately in the region of the neutral 
axis—where the strains vanish, the thickness of the plating is 
least. The value of long bridges extending over the midship 
length of a vessel, increasing the depth of the girder at the very 
place where the bending strain is greatest, must be evident. 
Indeed, in two- and three-decked vessels of over thirteen depths 
to length, Lloyd’s require that they have a substantial erection 
extending over the midship half length. A complete or partial 
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‘steel deck over the middle of the length, together with the 
beams, also affords great strength to the ship girder in increasing 
the efficiency of its upper flange. 

Definition of Important Terms.—It is necessary at this 
stage that a few terms be clearly understood. 

1. Length between Perpendiculars.—For vessels with straight 
stem this is taken from the fore part of the stem to the after 
part of the stern post. Should the vessel have a clipper or 
curved stem, the length is measured from the place where the 
line of the upper deck beams would intersect the fore edge of 
the stem, if it were produced in the same direction as the ‘part 
‘below the cutwater (Fig. 40). 


Fie. 40.—LENGTH BETWEEN PERPENDICULARS, 


2. “ Lloyd’s Length.”—Lloyd’s length is the same as the fore- 
going, except that the length is taken from the after side of the 
stem to the fore side of the stern post. 

3. Hutreme Breadth—This is measured over the outside 
plating at the greatest breadth of the vessel. 

4. Breadth Moulded.—This is taken over the frames at the 
greatest breadth of the vessel. 

5. Depth Moulded.—This is measured in one-, two-, and three- 
deck vessels at the middle of the length from the top of the keel 
to the top of the upper deck beams at the side of the vessel. 

In spar- and awning-decked vessels, the depth moulded is 
_measured from the top of the keel to the top of the main deck 
beams at the side of the vessel. - 

6. Lloyd’s Depth.—This is somewhat different. We have seen 
that they require a round up upon the weather decks, of a 
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quarter of an inch to one foot of beam. ‘This round up is added 
to the moulded depth, and gives Lloyd’s depth. With this 
modification it is otherwise the same as No. 5. 

In designing our series of midship sections illustrating the 
arrangement, amount, and development in structural strength 
in progressive sizes of vessels, we will consider, for the sake of 
example, that the vessels are to be classed at Lloyd’s. 

The size and spacing of all transverse framing—frames, 
reverse frames, floor plates, pillars—are regulated by numbers 
obtained entirely from transverse dimensions, as follows :— 

Add together (measurements being taken in feet) half the. 
moulded breadth, the depth (Lloyd’s), and the girth of the half 
midship frame section of the vessel, measured from the centre 
line at the top of the keel to the upper deck stringer plate. By 
referring to the tables in Lloyd’s Rules, the sizes of these parts 
of the structure, corresponding to the sum of these dimensions, 
may be found. The number for three-deck steam vessels is pro- 
duced by the deduction of 7 feet from the sum of the measure- 
ments taken to the top of the upper deck beams. 

The sizes of all longitudinal framing—keel, keelsons, stringers, 
as well as thickness of outside and deck plating, stem bar, and 
stern frame—are governed by the number obtained by multiply- 
ing Lloyd's first number for frames, &c., by the length of the vessel. 

Vessels of extreme dimensions require special stiffening above 
that ordinarily needed by the numbers obtained as above, and 
special provision is made for this in the rules. 
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Under 13 feet depth. 12} depths in length. 


Fic. 41.—DIMENSIONS OF FRAMEWORK AND PLATING FOR 
VESSELS LESS THAN 13 FEET IN DEPTH. 


Lloyd’s Numerals. 
4 Girth, . 5 : ; S ; ‘ 21°8 
4 Breadth, . : ‘ ; : ‘ 12:0 
Depths. : : ; ‘ ; ‘ 12°83 


Isto... ; : : ’ . ‘ 46°63 
Length, . . ° . ° ° » 161 


2nd No., : : , ; : emai ft 


Beams, 53 x 3%, — bulb plate with 


6-5 . 
Frames, 3 x 3 x —-> spaced 21 ins.| Houble angles, 24 x 24 x +8. 
Reverse Sept "3 x 24 x wy Sheer strake, 32 x 50 
Floors, 13 x 30° 9-8 
9 =n Garboard strake, 31 x 0° 
Centre keelson, 11 x oy Stringer plate, 36 x 8, -— 19 x 38. 


Keelson continuous angles, 34 x 3 x 3%5. Gunwale angle bar, 3 x 3 x zy. 
Keel, 7 x 18. 
Additions for Hxtreme Length. 
To thickness of sheer strake, ;%; is added for ? L amidships. 
To bilge keelson, a bulb plate is added for ? L amidships. 
To thickness of 2 strakes at bilge, x5 is added for 4 L amidships. 


Abbreviations. 


L means length, thus 
%Lamidships ,, three-fourths length amidships. 
R_,, reserve frame height. 
8 —7 
“90 9 
Wote.—All sizes of plates and angle bars are given in inches. 


thickness reduced from ;8; to 35. 
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Under 14 feet depth. 123 depths in length. 


Fig. 42.—DIMENSIONS oF FRAMEWORK AND PLATING FOR 
VESSELS LESS THAN 14 FEET IN DEPTH. 


Lloyd’s Numerals. 
4 Girth, . : : ; ; : 5 24 


4 Breadth, . 2 : : , : 13'5 
Depth, . - : : : : : 13°83 
Ist No.,. : : : : ‘ : 51°33 
Length, . : : : 2 P <i Lic 
2nd No., ° : : . ; . 8880 


Frames, 3 x 3 x e spaced 21 inches. 


—5 
20 ’ 
Reverse frames, 24 x 24 x +5. 


Floors, 143 x 


2a 
9-7 

20 ° 
Keelson continuous angles, 3} x 3 x +f. 
Beams, 64 x 3% — bulb plate with 
Double angles, 25 x 24 x g% 
Hold pillars, 23. 


Sheer strake, 33 x 


Centre keelson, 12 x 


on alternate frames. 


12-8 
20 
9-8 
Garboard strake, 32 x 20° 
Deck stringer plate, 38 x 5 — 20 x x. 
Gunwale angle bar, 3 x 3 x 35. 
Keel, 73 x 1%. 


Additions for Extreme Length. 


To thickness of sheer strake, 2, is added for $ L amidships. 
To bilge keelson, a bulb plate is added for 3 L amidships. 
To thickness of 2 strakes at bilge, #5 is added for $ L amidships. 
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Under 153 feet depth. 123 depths in length. 
Kia. 43.—DiMENSIONS OF FRAMEWORK AND PLATING FOR 
VESSELS LESS THAN 154 FEET IN DEPTH. 


Lloyd’s Numerals. 


4 Girth,. ‘ : 26°5 
+ Breadth, . ; , ; ° : 14°5 
Depth, . : : : ; : ° 15°33 . 
Ist No.,. : : ; ‘ ; F 56°33 
Length, . - : ; é : » - 192 
2nd No., ‘ ; : , ; . 108]5 
6-5 A 

Frames, 34 x 3 x x0? spaced 22 inches, 
Reverse frames, 3°x 24 x 255. 

7-6 
Floors, 16 x 30° 
Centre keelson, 12 x tee 2 

2u ‘ 


Keelson continuous angles, 43 x 3 x 35. 
Hold pillars, 2%. 

Beams, 7 x 35 — bulb plate with 
Double angles, 3 x 3 x 3% 


12-8 
Sheer strake, 34 x 30 


Garboard strake, 32 x a A 
Deck stringer plate, 40 x 5 — 22 x gy. 
Gunwale angle bar, 34 x 3} x zg. 
Keel, 74 x 2. 
Additions for Extreme Length. 


To thickness of sheer strake, 2; is added for ? L amidships. 

To strake below sheer strake, sy is added for 4 L amidships. 

To bilge keelson, a bulb plate is added for 3 L amidships. 

To thickness of 2 strakes at bilge, #5 is added for } L amidships, 


on alternate frames. 
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Under 163 feet depth. 123 depths in length. 
Fia. 44.—Dimensioxs or FRAMEWORK AND PLATING FOR 
VESSELS LESS THAN 164 FEET IN DEPTH. 


Lloyd’s Numerals. 
4 Girth, . P ‘ : : : ‘ 28°3 


4 Breadth, . 5 : : : : 15°5 
Depth, . : - : : d ; 16°33 
weNowm ee ee bos of Sse 608 
Length, . : : . : ‘ . 205 
2nd No., A : - : ; . 12326 
7-6 
ie 
Reverse frames, 3 x 24 x 3%. 
Floors, 174 x oe f 
ke pg ope: 
Centre keelson, 13 x aie 


Keelson continuous Sunlo, 43 x 33 
Main deck beams, 74 x 35, bulb pats a 


Double angles, 3 x 3 x So on alternate frames. 
Hold beams, 84 x 35, bulb plate with on every 10th 
Double angles, “4 x 3X5, with covering plate frame. 


Main deck stringer plate, 44 x % -— 24 x 45. 
Hold stringer plate, 27 x > - 21 x 3%. 
Gunwale angle bar, 4 x 4 x 7%. 
=? 12-8 
Sheer strake, 35 x 30 
Garboard strake, 33 x nee _ 
Keel, 74 x 23. 
Hold pillars, 23. 
Additions for Extreme Length. 
To thickness of sheer strake, zo is added for # L amidships. 
To strake below sheer strake, »'y is added for § L amidships. 


To bilge keelson, a bulb plate i is added for $ L amidships. 
To thickness of 2 strakes at bilge, zy is added for 4 L amidships. 
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Under 23 feet depth. 12} depths in length. 


Fig. 45.—DIMENSIONS OF FRAMEWORK AND PLATING FOR VESSELS 
LESS THAN 23 FEET IN DEPTH. 


STRUCTURE, 


Lloyd’s Numerals. 


Girth, . q : : = : ; 3 
4 Breadth, . : : : ; ‘ 5 fs 
Depth, ; ; : - : : 5 22°83 


Ist No. : < z : ; ; ‘ 9°8 
Length, = : f : , : : ob : 


SnitNGr Ma eee tae eae, A eye ObRay 


Frames, 5 x 3 x ae spaced 24 inches, 
Reverse frames, 34 x 3 x 38. 


10 
Floors, 24 x 0 


Centre keelson, 20 x 


13 - 11 

20 
Keelson continuous angles, 6 x 4 x 5. 
Intercostal keelson plate, ;8;. 
Complete steel deck, 34 thick on main deck. 
Main deck beams, 64 x 3 x © > 2 
Hold beams, 104 x 42 bulb plate, with 
Double angles, 44 x 4 x 2% 
Main deck stringer plate, 41 x $$ — 35 x 38. 
Hold stringer plate, 38 x = — 29 x 3. 
Gunwale angle bar, 44 x 44 x 28. 


15 - 10 
Sheer strake, 42 x 50 


bulb angle on every frame, 


on every 10th frame. 


Garboard strake, 36 x 


Keel, 10 x 23. 
Hold pillars, 3}. 


Additions for Extreme Length. 


To thickness of sheer strake, 3, is added for # L amidships. 
To strake below sheer strake, ;?, is added for $ L amidships. 
To bilge keelson, a bulb plate is added for 3 L amidships. 


To thickness of 3 strakes at bilge, #5 is added for § L amidships, 
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Under 26 feet depth. 
16 depths to middle deck in length. 
11°6 55 upper if 


Fic. 46.—DIMENSIONS oF FRAMEWORK AND PLATING FOR VESSELS 
LESS THAN 26 FEET IN DEPTH, 


STRUCTURE. 


Lloyd’s Numerals, 


£ Girth, : ‘ é ‘ ; ‘ 40°75 
4 Breadth, . F P : : : 20°5 


Depth, e . . . . . . 25 ‘83 


Ist No., ° : : ; : ‘ 80°08 
Length, . : : ° : 6 we oul 


2nd No., j : : é . . 24104 


Frames, 5 x 34 ou at spaced 24 inches, 


Reverse Sita 34 x Sk xX of 
Floors, 243 <i 


“55 
Centre keelson, 25 x we x = 

Keelson continuous angles, 64 x 4 x 3%. 
Intercostal keelson plate, ~%. 


Complete steel deck, 4% thick on main deck. 
Upper deck beams, 74 x 3 x aoe ? balb angles on every frame. 


Middle deck beams, 10 x 49, bulb plate with ) on every alternate 
Double angles 33 x 33 x 45 frame. 
Hold beams, 11 x qi bulb plate with 

Double angles, & x vi x ay }on every tenth frame. 
Upper deck stringer plate, 43 x $$ — 36 x 3%. 

Middle deck stringer plate, 62 x 4% -— 36 x %. 

Hold stringer plate, 40 x 3% - 3l x xX foe 
Gunwale angle bar, 44 x 43 x 42, 

Sheer strake, 42 x f 50 wu 

12 - 11 

20 ° 


Garboard strake, 36 x 


Keel, 10 x 28. 
Hold pillars, 3%. 


Additions for Extreme Length. 


To thickness of sheer strake, 34, is added for ? L amidships. 
To bilge keelson, a bulb plate is added for ? L amidships, and 
an intercostal plate for 4 L amidships. 
To thickness of 2 strakes at bilge, 345 is added all fore and aft. 
Centre keelson increased in depth. 
To side keelson, a bulb is added for § L amidships. 
To bilge stringer, an intercostal plate is added for ? L amidships. 
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Under 36 feet depth (also under 39 feet). 
15°5 depths to middle deck in length. 
12°5 depths to upper deck in length. 


Fig. 47.—DIMENSIONS OF FRAMEWORK FOR VESSELS LESS THAN 
36 FEET IN DEPTH. 


Note.—The scantlings are for the vessel under 36 feet depth, all of which are shown in 
clear black lines. ‘The Fig. is drawn to the under 39 feet depth in order to show the 
introduction of the new tier of beams indicated by dotted lines. Such a vessel would 
require both additional topside and bottom strengthening. 
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Liovd’s Numerals. 


4 Girth,. : ; : 3 ; . 52°5 
4 Breadth, . ; - : : ’ 25 
Depth, . : : ; ° ° ° 35°83 


Ist No.,. : : / ; = ’ 106°33 
Length, . . ; : ‘ ‘ : 448 


2nd No., . . . ' ‘ » 47635 


10 
Frames, 6 x 34 x ——— 
4 ; 20 
1 
Reverse frames, 44 x 34 x 29, 


Floors, 32 x d 


, Spaced 25 inches, 


20 


Centre keelson, 36 x 


14 - 13 
20° 
Keelson continuous angles, 63 x 44 x 22. 
Intercostal keelson plates, =. 
Foundation plate, 18 x 38. 
Complete steei deck to upper deck, ~;. 
Complete steel deck to middle deck, 33,. 
12 - ] 
20 
12 - ll 


_ 20 
tbh } on every 2nd frame. 


S bulb angle on every frame. 


Upper deck beams, 9 x 3 x 


Middle deck beams, 9 x 3 x 


Lower deck beams, 12 x 314, w 
Double angles, 3§ x 34 x 2% 
Upper deck stringer plate, 64 x 43 - 51 x 2. 
Middle deck stringer plate, 64 x $4 - 51 x 3%. 
Lower deck stringer plate, 56 x $3 - 44 x 8. 
Gunwale angle bar, 5 x 5 x 44. 


Sheer strake, 46 x acid 


, bulb angle on every frame. 


Garboard strake, 36 x 


Keel, 12 x 34. 
Hold pillars, 4. 


Additions for Haxtreme Length. 


Sheer strake doubled for whole width, for ? L amidships. 

To strake below sheer strake, ;4; is added for § L amidships. 

To upper deck stringer plate, 4 is added for # L amidships. 

To side keelson, continuous plate is added for $ L amidships. 

To bilge keelson, continuous plate is added for 4 L amidships. 

To bilge stringer, intercostal plate is added for 3 L amidships. 
Centre keelson increased in depth. 


9) 
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Relation of Strength to Dimensions—Notes on ** Midship 
Sections.’’ —In considering the subject of strains, it was found 
that both longitudinal and transverse strains decreased towards 
the ends of the vessel, being greatest on each side of midships. 
Naturally, therefore, in turning to the transverse sections (Figs. 
41 to 47), we expect to find a corresponding arrangement of 
structural strength. Such, indeed, is the case. In the trans- 
verse framing the frames and floors maintain their maximum 
size for three-fifths of the vessel’s length amidships, and are 
reduced in thickness for the remaining one-fifth of the length 
at each end. The floors are carried up the bilge to a height of 
twice their midship depth above the top of the keel, for one- 
fourth of the midship length of the vessel. Fore and aft of this 
distance, the ends are gradually lowered until the tops of the 
floors are level. At the extreme ends, however, the floors are 
increased in depth, as subsequently shown. 

The height to which the reverse frames are carried varies 
according to the transverse dimensions of the vessel. When 
Lloyd’s first number is below 45, the reverse frames are carried 
across every floor plate, and up the frame to the upper part of 
the bilges; when 45 and below 57 they extend alternately 
to the gunwale, and high enough to enable the double angle 
stringer above the bilges to be securely connected; or, if hold 
beams are fitted, high enough to get a good connection to the 
beam stringer angle. When the number is 57 and above, the 
reverse frames extend alternately to the gunwale and the 
stringer next below. When the number for sailing vessels 
reaches or exceeds 75, the reverse frames extend to the gunwale 
on every frame. | 

Except in spar- and awning-decked vessels, and in poops and 
forecastles, the beams, exclusive of hold beams, where less than 
three-fourths the length of the midship beam, are somewhat 
reduced—in many cases—in both depth and thickness. 

In the vessels of which Figs. 41, 42, and 43 are midship 
sections, only one tier of beams is required; but immediately 
the depth reaches and exceeds 15 feet 6 inches (Lloyd’s depth), 
a tier of widely-spaced hold beams is fitted (Figs. 44 and 45), 
with a continuous stringer plate on the ends. This, together 
with the gradual growth of the other framing, provides the 
additional transverse and longitudinal strength demanded by 
greater depth and length. When 24 feet is reached and 
exceeded, another tier of beams is required (Fig. 46). 

When the depth reaches 32 feet 6 inches, although another 
tier of beams is not required, a stringer plate supported on 
alternate frames by large bracket knees has to be fitted, and on 
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its inner edge is rivetted a large angle of the size of the centre 
keelson angles, converting it still further into an efficient girder. 

When 36 feet depth is reached, the additions shown by the 
dotted lines in Fig. 47 are required. Here we have a fourth 
tier of beams of extra strength fitted to every tenth frame. 
These are known as orlop beams. 

Turning to the longitudinal framework, we find similar reduc- 
tions in the scantlings taking place. The centre keelson plate 
standing upon the top of the floors, together with its rider plate, 
maintains the midship thickness for one-half the vessel’s length 
amidships. Beyond this length considerable reduction takes 
place in the thickness, and the rider plate disappears altogether 
before and abaft of the three-fourths length amidships. Stringer 
plates at the ends of beams retain their midship dimension for 
one-half the vessel’s length. Throughout the remaining one- 
fourth length at each end they gradually diminish in both 
breadth and thickness. The number of hold stringers and 
keelsons to below the bilge is regulated entirely by the depth 
of the vessel. The sizes of all the large angles for keelsons and 
stringers in the hold are the same as the centre keelson angles. 

A glance at the outside shell plating covering the frames also 
shows a reduction, and this takes place on the one-fourth length 
at each end. 

Where a steel deck of seven-twentieths of an inch or over is 
fitted, it is reduced in thickness fore and aft of the half length 
amidships. <A little consideration will soon make it obvious 
that it would be absurd to deal out to every vessel of similar 
“2nd numerals” exactly similar longitudinal strengthening, for 
then a long, shallow vessel would receive actually less longi- 
tudinal stiffening than a shorter, deep one, since the introduc- 
tion of hold stringers and keelsons is regulated almost entirely 
by the depth. 

We have already seen that long, shallow vessels with small 
depth of girder possess less resistance to bending than shorter 
ones, not to mention shorter and deeper vessels. It is, there- 
fore, the custom with classifying associations to fix upon a 
standard vessel of a certain number of depths in the length. 
Lloyd’s Committee adopt a length of eleven depths as the 
standard worked upon. Vessels exceeding these proportions 
are, therefore, subject to the introduction of additional longi- 
tudinal strengthening over the middle of the length. In Figs. 
41 to 47, the number of depths in length is 12°5, excepting Fig. 
_ 46, which is 11°6, and the additional strengthening therefore 
- required is shown, as far as possible, on their respective 
sketches, as well as in the table of additions on each diagram. 
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When in three-decked vessels the length is more than eleven 
times the depth taken from the top of the keel to the top of the 
middle deck beams, special additional strength has to be introduced 
at the bilge and bottom. Such strength has been introduced 
into the foregoing midship sections. All vessels having a length 
of thirteen or more times the depth from the top of the keel to 
the top of the upper deck beams are to have a substantial erec- 
tion, such as a bridge, extending over the half length of the 
vessel amidships. 

A perusal of these Figs., with the scantlings written upon 
them, it is believed will fully verify the foregoing remarks upon 
the arrangement and growth of structural strength. 

Local Strengthening—Space occupied by Machinery.— 
Engine and Boiler Space.—Perhaps one of the first things which 
strikes one in studying the arrangement of a steam vessel, from 
a structural point of view, is the concentration of weight, and 
also the vibration, especially in vessels of high speed, in the 
machinery space. In addition to this, there is a break in the 
arrangement of transverse strength owing to the omission of 
beams, and even at the upper deck the beams are cut in the way 
of the engine and boiler casings. The result of all this is to 
produce the tendency to vertical elongation, and to cause the 
top sides of the vessel to contract. 

Moreover, if the vessel did not possess sufficient rigidity and 
stiffness to resist working under the vibration of the engines, 
the evil would rapidly increase, and assume serious dimensions. 
But, happily, all this can be provided against, and although the 
methods adopted may vary somewhat for different types of 
vessels, yet a few general hints may be given. 

First of all, a good foundation must be secured for both 
engines and boilers. Lloyd’s require that floor plates under 
engines be one-twentieth of an inch thicker, and under boilers 
two-twentieths of an inch thicker than are otherwise required, 
and by this means greater stiffness is given to the bottom of the 
vessel. No doubt the extra one-twentieth put upon boiler 
floors is on account of the fact that the damp heat created there 
has the effect of making corrosion more rapid than elsewhere. 
At the same time it should be noted that a great deal of the 
corrosion in this locality is due to neglect, for if the bottoms of 
vessels were carefully watched, and frequently cement washed, 
theze would be less cause for complaint regarding the condition 
of the floors of comparatively new vessels, and it would be found 
that a little care is cheaper in the end than new floors. Asa 
rule, it is found, in vessels with ordinary floors, that the engine 
foundation or sea¢, as it is more commonly called, has to be built 
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to a height considerably above the floors. When this is the 
case, and it is practicable, a splendid seat is constructed by 
making the floors deep enough to reach to the engine seat, and 
to extend with horizontal edges from side to side of the vessel. 
Across the top of all floors in engine and boiler space, Lloyd’s 
require double reverse angles to be fitted at least from bilge to 
bilge. This not only stiffens the floor, but forms a good means 
of connection for the thick plating to which the bed plate of the 
engine is bolted. Intercostal plates, fitted between floors, on 
either side of the centre line, give further stiffness to the floors, 
and support for the condenser, &ec. (see Fig. 48). 

Sometimes, especially in the case of yachts, a watertight 
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trough is fitted in the engine floors immediately under the 
shafting, which prevents the grease drip from the engine finding 
its way into the bilges (Fig. 49). 

Where the floors are not made continuous from keel to engine 
seat, and from bilge to bilge, a seat has to be built simply in 
the way of the engine on the top of the ordinary floors ; this, 
however, lacks in efficiency as compared with the previous 
method. 

The boilers, too, require to be fitted on foundations which are 
firm and rigid, and securely connected with the bottom of the 
vessel (see Fig. 50). This is done by fixing two or three thick 
plates called stools, to the top of the floor plates under each 


STRUCTURE. val 


boiler. The top edges of these plates are cut to shape so as to 
receive the boiler. They are attached to the double reverse 
angles on the top of the floors by means of double angles, and 
round their edges are fitted large double angles. These provide 
a good surface upon which the boiler can rest. Then, to hold 
the stools in place and prevent them tripping—that is, inclining 
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Fig. 51.—SrEcTIoN oF DouBLE Botrom FoR WATER BALLAST. 


one way or another—tie plates are fitted fore and aft, and con- 
nected to the double angles. In the case of vessels constructed 
with double bottoms, for water ballast, as shown in Fig. 51, no 
erection on the top of the inner bottom is necessary, as it is 
usually of sufficient height for engines to stand upon. However, 
the inner bottom plating is increased in thickness in way of the 
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engine and boiler space, and immediately under the engines a 
thick foundation plate is firmly rivetted. This plate may form 
a part of the inner bottom plating, or may be rivetted on the top 
of it. To this the bed plate of the engine is bolted. The boiler 
stools are rivetted to the inner bettom plating. As in the case 
of ordinary floors, extra stiffening is required at the bottom of 
the vessel under the engines and boilers, and this is done by 
fitting intercostal girders. 

Having stiffened the bottom of the ship, it is necessary to 
provide for the loss of the beams, and also some means of 
keeping out the sides of the vessel. This is done in exactly 
the same manner as when hold beams are dispensed with—viz., 
web frames are fitted. In high speed vessels especially, care 
should be taken that sufficient of these are introduced. Valuable 
as web stringers are, in conjunction with web frames, it is found 
better in the machinery space to fit extra strong beams wherever 
practicable. Several forms may be adopted according to the size 
of the vessel (see BC D E and F, Fig. 27). 

It will often be found of advantage to further stiffen the 
frames in the engine and boiler space by fitting all the reverse 
angles to the upper deck, and in some cases the double reverse 
bars also. | 

Sometimes in vessels with the centre keelson fitted on the 
top of the ordinary floors (Fig. 52), the height of the keelson 
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Fie, 52.—INTERCOSTAL COMPENSATION FOR REDUCTION IN DEPTH 
oF CENTRE KEELSON UNDER BOILERS. 


throws the boiler or boilers too high, and it is necessary to 
cut the keelson down. Were no compensation made for this 
reduction in the height of the girder, the weakness at this part 
would be a most serious defect. Several means, however, may 
be adopted to recover the strength. 

In the first place it will be seen that, owing to the depth of 
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the keelson being reduced, the sectional area of the keelson is 
reduced also. This may be recovered by making the central 
plate thicker at this part until the sectional area has been 
regained. But even this does not fully recover the loss of 
strength, for though the sectional area is obtained, yet the 
reduced depth of the girder proves a loss of strength in resisting 
longitudinal bending. It, therefore, becomes necessary to increase 
the sectional area to beyond what it was in its original condition. 
A, good method of compensation is to fit intercostal plates — 
between the floors, and attached to the centre plate by means 
of its lower angles, as shown in Fig. 52. 

Again, it sometimes happens that, in the way of the boilers, 
it is necessary to reduce the width of the hold stringer plates. 
Compensation may be made, as in keelsons, by increasing the 
thickness of the plate in the way of the reduced width, and also 
by fitting strong angles on the inner edge of the stringer plate. 

Mode of Strengthening Ship at Aft End of Shafting.— 
Leaving the engine and boiler space, and travelling aft, great 
vibration and strain is thrown upon the vessel, especially when 
in a seaway from the shafting, by the action of the propeller, it 
being at one moment totally submerged, and revolving with 
regular precision, and immediately after the wave has passed, 
totally or partly out of the water, and racing at a high speed. 
Provision must, therefore, be made for this. To stiffen the sides 
of the vessel, the floor plates at the aft end should be made con- 
siderably deeper, and towards the stern post they should be 
carried above the shaft, so that the shaft passes through them. 
Then again, it is most important that a sound connection be 
made between the outside plating and the stern post. By the 
midship sections we see that considerable reduction takes place 
in the thickness of the end outside plating. To connect thin: 
plating to a massive iron stern post with large rivets widely 
spaced would likely result in the thin plate being unable to hold 
the stern post rigid under the strains mentioned, and leakage 
would ensue. So what is done is to increase the thickness of 
these endmost plates to at least the thickness of the plating at 
midships, and thereby get a more evenly balanced connection. 

But a further means of rigidly fixing the stern frame is re- 
quired, and this is done by fitting a deep plate, called a transome 
plate, against the upper part of the stern post, extending across 
the counter from side to side, and rivetted to the frames. The 
connection between the stern post and the transome plate is 
effected by means of strong angles (see Fig. 53, section A B). 

It is well known to seamen that considerable leakage often 
takes place, notwithstanding these precautions to hold the post 


74 KNOW YOUR OWN SHIP. 


fixed. An additional means to secure this end is to have another 
post carried up at the fore side of the stern frame (Y in sketch), 
and this also is attached to a stout plate carried from side to 
side of the vessel, and connected with the frames as well as to 
a bracket plate at the lower deck. By this method, with sound 
workmanship, and by filling in the space above the propeller 
aperture between the two parts with cement, leakage is very 
improbable. 

In the case of steamers with twin screws, a different arrange- 
ment of supporting the end shafting has te be adopted. One 
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Fie. 53.—STERN FRAME AND CONNECTION, 


method, after leaving the skin of the ship, is by projecting 
struts, as shown in Fig. 54. 

The importance of having these struts securely attached to the 
hull of the vessel will readily be observed, for should any accident 
happen here, the vessel is entirely crippled. When the screws 
somewhat overlap each other, and revolve partly in an aperture 
in the stern frame, a sound and reliable connection of the struts 
with the stern frame may be made, as shown by Fig. 54, a and 4, 
the ends of the struts being welded out into broad palms capable 
of taking a sufficient number of rivets. If there is a weak point 
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in this method, it is in the fact that both the upper palms of the 
struts are connected by the same rivets, and also the lower 
palms, so that on each side of the main post, owing to the 
vibration of the shafts, there is this tendency to work or sheer 
the rivets. Each rivet, therefore, bears a double strain. But 
where no aperture is needed for the propellers, the shell plating 
is carried out to the after stern post, and another means has to 
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ATTACHING STRUTS TO SHELL PLATING. 


be provided for the connection of the struts. The commonest 
way, perhaps, is that shown in Fig. 55. 

Here the upper palms are simply fixed on to the outside shell 
plating. If this were all the connection, it would not take a 
keen observer to see that the immense vibration of the shafting, 
especially in high-speed steamers, would simply tear away the 
plating. It, therefore, becomes absolutely essential that the 
most competent means be adopted to secure the best and surest 
connection. ‘lwo things have to be aimed at in accomplishing 
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this. First, that at the point where the shafts emerge from the 
hull, the vessel be well stiffened and bound together, so as to 
reduce the vibration to a minimum, and second, that in the way 
of the strut connections the ship be well strengthened. A 
variety of means may be used to attain the former of these. 
For example, in some vessels the method shown in Fig. 55 
might be carried out. 

Here a very thick plate or web is placed across the ship from 
side to side, and securely rivetted to the main frames (A in Fig. 
55). Through this plate the shafts pass. If the vessel be not 
too wide at this part, this alone will form an efficient tie to the 
two sides, and give the required stiffness. However, in larger 
vessels, where the screws are further apart, it would be necessary 
to further stiffen this web by means of angle bars or bulb angles 
across its face, or even introduce more of these web plates on 
adjacent frames. 

In way of the struts, the following system might be em- 
ployed :— 

1. Carry up all the floor plates from the stern post, to a few 
frames forward of the struts, above the height of the upper palms 
(see Fig.). 

2. If possible, arrange for a double frame on each side of the 
vessel to come in the centre of the palms, having thick broad — 
flanges against the outside plating. 

3. If the strake of plating, upon which the palms of the struts 
rest, be an outside one, fit a doubling plate between the edges of 
the two adjacent strakes, and extending fore and aft from the 
after side of the frame abaft to the fore side of the frame before 
the double frame angles. 

If the strake of plating be an inside one, the doubling plate 
may be fitted on the outside of the shell plating. With this 
additional strengthening, the palms can now be securely attached 
to the plating with rivets, through the shell plating, doubling 
plate, and large double frame angles. Athwartsaip, the vessel 
is strengthened by the deep floor plates already mentioned. 

In any case, in steam vessels there would be a watertight 
bulkhead at some little distance forward of the struts. But 
where in such vessels as these there is the greater possibility of 
leakage, it would be well to construct a watertight flat at a small 
height above the upper palms of the struts, so that if leakage did 
occur, only this compartment would be flooded. From this 
bulkhead, it would also be well to continue the watertight flat 
just above the shafting, and extending far enough forward to 
include the point where the shafts emerge from the shell, since 
this is another place where leakage might take place (A in Fig.). 
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This. method of strut connection has the advantage of having 
the strain of the vibration of only one of the shafts thrown upon 
the rivets connecting the palms with the hull, each upper palm 
being a separate connection. 
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Another method of strut connection is that shown in Fig. 
56, a and 6. 

In this case, the struts are carried through the outside plating, 
and attached to a very thick intercostal plate, fitted between 
thick transverse plates. To en- 
sure watertightness where the 
struts pierce the shell, collars 
would have to be wrought and 
carefully caulked; and the cham- 
bers into which the struts enter 
should be made watertight also. 
This method has the same dis- 
advantage mentioned in Fig, 54— 
viz., the same rivets connect both 
palms. 

A system has been adopted in 
recent years of supporting the 
end shafting in large twin-screw 
vessels, on first leaving the main 
body of the hull, by carrying out 
the framing and shell plating 
round the shafting. Further aft, 
however, where the shaft is von- 
siderably out from the hull, the 
main frame is carried down in 
the usual way (Fig. 57), and a 
piece of frame bar is scarphed 
on to the main frame, which, 
together with the shell-plating, 
Fie. 57.—MetHop oF DISPENSING jg worked round the shaft, bind- 

sf ast In TWIN-SCREW ing the projection to and indeed 

: making it an integral part of the 
structure. By this method the struts are dispensed with, and a 
strong and efficient means of supporting the shafting is obtained. 

Panting.—Several means may be adopted to prevent panting, 
a few of which we shall notice. The common method is to fit 
plate stringers, called panting stringers, in addition to the ordi- 
nary stringers of the vessel, extending from abaft the collision 
bulkhead continuously into the stem, where they are joined by 
means of a plate called a breast hook, uniting, as it were, the two 
breasts of the vessel. These stringer plates are supported on 
beams, as shown in Fig. 58. 

An objection raised against this method of stiffening is that 
it forms an isolated rigid girder, and the vessel is inclined to 
fall hollow on each side of it, especially if subject to encountering 


( 
i 
1 
! 
| 
| 
| 
| 
I 
{ 
| 
\ 
| 
| 
| 
i 
\ 
{ 
{ 
| 
1 
H 
i 
t 
! 
! 
| 


STRUCTURE. 81 


ice, as in the Baltic at certain seasons. What is wanted is a 
more even distribution of strength. This may be obtained 
by a slight modification in the arrangement of the transverse 
framing. It will have been noticed that the frames of a vessel 
are spaced at regular intervals, measured in a fore and aft 
direction, or on a line passing through the centre of the vessel. 
Now, at the ends of the vessel, it is found that this spacing is 
considerably increased. The sketch in the plan of Fig. 58 is an 
actual and frequent arrangement. 
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Plan of panting stringer. 
Fic. 58.—PANTING STRINGER. 


Here it is found that, measuring against the shell plating, the 
spacing from frame to frame is as great as 26 inches, while on 
the middle line it is only 24 inches, this latter being Lloyd’s 
requirement. To give stiffness to this part of the vessel, they 
should be spaced rather more closely, instead of more widely. 
So that one method is to fit the frames at closer intervals at the 
fore end, say 2 or 3 inches less than Lloyd’s requirements, and 
measured on the shell instead of on the centre line. It will also 
be found of advantage to increase the thickness of the shell 
plating. Whatever method be adopted, it is advisable to con- 
siderably increase the depth of the fore end floors. 

The introduction of a few extra beams with stringer plates on 
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their ends, where the ordinary stringers are widely spaced, will 
generally give sufficient stiffness. 
Deck Cargoes and Permanent Deck Weights.—To provide 
ee the strain caused by the weight of heavy timber or other 
deck cargoes, the important point to be observed is that the 


si 
Oo 
- 
1) 
; uj 
WS ) 
a 
re) 
fe 
g 
=>) 
be 
z 
rs) 
Ay 
& 
D 
Q, 
wh ai 
ne 4 
” = 
be | 
” or) 
ys Ye) 
= 3 
Te Fd 2 
oO =r 
~ 
2 
re) Q 
- 
r 9 
> 
ul 
Ee} 
W 


‘beams are held rigidly in place at their centres ; it is only when 
the deck sinks at the centre that any damage can be wrought 
upon the beam knees. Therefore, to provide efficiently against 
these strains, extra strong stanchions should be fitted under the 
beams, with well-formed heads, and spaced not more than two 


STRUCTURE. . 83 


frame spaces apart. Where h eavy permanent weights are carried 
on the deck, such as winches, windlass, é&c., local strength may 
Pe wamed by fitting extra strong beams supported by additional 
pillars. 


Section of Mast at Deck. 


Fic. 60.—ARRANGEMENT OF TIE PLATES DISTRIBUTING STRAIN FROM MAstT TO 
BEAMS AND STRINGER PLATES 


Plan of Deck. 


Strains from Masts due to Propulsion by Wind.—The 
important point to be aimed at in this case is to transmit, especi- 
ally in the case of vessels propelled wholly by wind, the immense 
strain which is thrown on to the hull, so as to make it as general 
as possible, though it is classed as a local one. ‘I'his is accom- 
plished by making good three conditions— 
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1. That the heel or lowest extremity of the mast be firmly 
secured and rendered immovable. If the mast is stepped on the 
top of a centre keelson, the heel may be secured as shown in 
Fig. 59, a thick plate being firmly attached to the top of the 
centre keelson, with a circular welded bulb angle well rivetted 
on its upper face, into which the heel of the mast is stepped and 
firmly wedged. The mast is prevented from working at its 
lower extremity by means of a piece of T-bar rivetted to the 
centre keelson, and notched into the mast heel. 

2. That the mast be thoroughly secured at the upper deck. 
Since a great part of the strain is encountered here, it follows 
that the means to counteract it should be most efficient. If the 
deck is plated with iron or steel, and the plate in way of the 
mast is of reasonable thickness, a stout circular welded angle 
bulb to receive the wedging round the mast at the deck will 
provide a satisfactory means of transmitting the strain to the 
deck as a whole. Should, however, the deck not be entirely 
plated, a stout plate, called a mast partner, should be attached to 
the beams round the mast, which in its turn should be efficiently 
attached to the neighbouring beams and stringer plates by tie 
plates, as shown in Fig. 60. In this way, again, the strain is 
transmitted to the deck as a whole. 

3. That the upper reaches of the mast be held firm, and 
prevented from working. This is done by having a sufficient 
number of widely spaced shrouds. 

Types of Vessels._—It is scarcely necessary to remind any 
reader that all vessels are not built for the same purposes, nor to 
engage in the same trades, or for the same class of harbours. 
Naturally, therefore, one vessel cannot fulfil all requirements, and 
be adapted for all traffic, and the result is a considerable variety 
in the types of vessels built. It is not uncommon to hear the 
complaint lodged against a vessel that she is ill adapted for her 
special trade, and the reason undoubtedly is, in many cases, 
attributable to the fact that the wrong type has been selected to 
comply with the necessary requirements, neither the shipbuilder 
nor the naval architect, with their wider experience, having been 
consulted on the matter. Type, in the majority of cases, 
depends entirely upon deadweight and internal capacity. The 
heaviest cargoes, in comparison with their bulk, require the 
least hold space. With the majority of cargoes it is quite 
possible to design and fix upon a type of vessel, so that when 
the holds are filled, she will float at her load water mark. But 
it must also be obvious that there are some cargoes, such as 
metal and ores, with which it would be impossible to fill the 
hold space, and not submerge the disc or extreme load line at 
the load water mark. However, for all purposes, there is a type 
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of vessel most adapted for a particular kind of cargo. With 
light cargoes of small density which fill the holds and still leave 
large freeboard, the shipowner does not mind so long as the 
freights are satisfactory ; but naturally when he gets cargoes of 
greater density, which bring the vessel down to the waterline 
obtained by the lighter cargo before her holds are filled, he 
desires to decrease the freeboard, and to continue to decrease it 
as the cargoes increase in density. Unfortunately, experience 
has shown in some cases that this decrease would scarcely cease 
until the freeboard had approached vanishing point; and thus 
for the sake of the safety of ships, cargoes, and lives, it has been 
absolutely necessary to fix upon standard types of vessels adapted 
to certain freeboards, which, as a rule, are most willingly 
accepted by shipowners, and indeed, in some cases, more free- 
board is given to vessels by the owners themselves than even 
the Board of Trade Rules demand. 

The heavier the cargo, especially in ships of great length to 
depth, the greater the bending and twisting strains experienced 
when among waves, and hence the greater necessity of increased 
structural strength. 

Vessels, according to their structural strength, &c., are classified 
under different names or types, which are often heard and used, 
but less often understood. There are, again, degrees in each 
particular type; for example, by 100 Al at Lloyd’s is meant 
vessels built to the highest class of their particular type, and 
therefore fulfilling all the requirements for such class; 95, 90, 
and 80A are lower classes, and do not therefore fulfil the require- 
ments of the one above them. Such vessels have greater free- 
board, and therefore carry less deadweight. 

First.—The most important of these types is that known as 
the Three Deck. This is the best deadweight carrier, and there- 
fore ranks as the strongest type of vessel built. This is the type 
of vessel used in illustrating the growth of structural strength 
for size of vessel in Figs. 41 to 47, and includes the smaller 
vessels requiring only one or two decks. 

Second.—A. difficulty sometimes experienced in the three-deck 
type was, that partly owing to the loss of cargo space occupied by 
the shafting and enclosed by the tunnel, it was found impossible 
with some cargoes to trim the vessel by the stern as desired, and 
hence, for part of the after length, the ship was increased about 
4 feet in depth, and became known as the Raised Quarter Decker 
(see Fig. 61). Such vessels are really parts of two different 
vessels joined together, and each built as near as possible to the 
previous rule for one-, two-, and three-deck vessels. 

The sizes of all floors, frames, and reverses are governed by 
Lloyd’s first number to the main deck. The frames run up to 
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the quarter deck, and the-alternate reverse frames also. The 
number and arrangement of hold beams, beam stringers, and 
stringers in hold in the way of the raised quarter deck, are in 
accordance with the increased depth of the vessel at that part, 
and the height of the reverse frames is regulated by the Lloyd’s 
first number, which the increased depth would give. The aim 
is to make the raised quarter deck an integral part of the whole, 
and the result is that a great amount of extra strengthening has 
to be introduced at the weakest part, which is in way of the 
break, by overlapping the decks and stringers, doubling the 
sheerstrake, and fitting webs between the overlapping part of the 
two decks, so as to better bind the structure together (see A, 
Fig. 61). As the three-deck and the raised quarter -deck 
vessels are types which secure least freeboard, it is usual and 
certainly of great value to erect a bridge over the engines and 
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boilers, and thus protect this most important part from the in- 
road of the sea. In addition to this, for the accommodation of 
the crew and passengers, a forecastle or poop is often erected, 
which, according to their respective values of affording additional 
effective buoyancy, may further be a means of reducing the free- 
board (see Chapter on “ Freeboard ”). 

Third.—-W hen a vessel is required to carry cargoes of lighter 
density, it is usual to adopt the Spar-Deck type, as these vessels, 
while possessing the same interior cubical capacity as the three 
deck, are of lighter construction, and have greater freeboard. 

Fourth.—W here the ’tween decks is required for passengers, 
or to carry very light cargoes of great bulk, the Awning-Deck 
type 1s usually chosen, as the awning deck is simply a light, 
entirely-closed, superstructure over the main deck. Being of 
lighter construction she is less capable than either the three- 
decker or the spar-decker for carrying deadweight, and there- 
fore has the greatest freeboard. 
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Perhaps the simplest way of comparing the structure of these 
types of vessels will be by referring to a midship section of each 
of them. 

Let Figs. 62, 63, and 64 be midship sections of three vessels 
identical in their exterior appearance, each being 260 feet long, 
35 feet beam, and 24 feet depth to the uppermost deck at the 
side from the top of the keel. Fig. 62 is the midship section of 
the three-decked type. 

Fig. 63 is the midship section of the spar-deck type, the spar 
deck being the uppermost deck, and 7 feet above the main deck. 

Fig. 64 is the midship section of the awning-deck type, the 
awning deck also being the uppermost deck, and 7 feet above 
the main deck. 

We have already observed that Lloyd’s first number governs 
the sizes of all the frames, reverse frames, floors, bulkheads, and 
pillars, and that the depth of one-, two-, and three-decked vessels 
is taken to the uppermost deck. In the case of spar- and awn- 
ing-decked vessels, the depth and girth are only taken to the 
main deck, with the result that the first number for these 
vessels is considerably reduced, hence the difference in the sizes 
or scantlings of the frames, reverses, floors, bulkheads, and 
pillars (compare respective sections). Then, with a reduced 
first number follows a reduced second number, governing the 
sizes of the outside plating, keelsons, stringers, &Xc. 

Thus far the spar- and awning-decked vessels are identical, 
so we must note the distinction. 

Spar-decked vessels, according to Lloyd’s, are supposed to have 
three tiers of beams, and to be not less than 17 feet depth from 
the top of the keel to the main deck. Should the depth be less 
than this, a modification must be made in the freeboard assigned. 
In all cases the frames extend from the keel to the gunwale; 
the reverse frames extend to the main and spar decks alter- 
nately ; a thick sheerstrake is fitted to both the main and spar 
decks ; the side plating above the main-deck sheerstrake is less 
in thickness than that below; the main and spar decks, when 
of wood, are each 3} inches thick, laid and caulked ; spar deck 
beams, stringer and tie plates are lighter than those required for 
the upper deck of three-decked vessels. Since the depth is only 
taken to the main deck, and the strength above the main deck is 
considerable, greatly increasing the efficiency of the ship girder 
in resisting longitudinal strains, they do not require any addi- 
tional strengthening for extreme proportions until over 13 depths 
to length, while in the three-deck type over 11 depths to upper 
deck in length is considered an extreme proportion, thereby 
requiring additional strengthening. 
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Fig. 62.—-MipsHip SECTION OF A THREE-DECKED TYPE OF VESSEL. 
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Lloyd’s Numerals. 


4 Girth, . ; : : : ‘ : 39°‘1 
4 Breadth, : : ‘ : : ; : 175 
Depth, . : ; : - : : : 24°73 
81°33 
7 
Ist No., . ; : ‘ ' F : : 74°33 
Length, . ; : : i : : : 258 
2nd No., , : j : C ; . a1 9L a 


Frames, 5 x 3 x a, spaced 24 inches, 


Reverse frames, 3 x 3 x 45. 
Floors, 233 x ta 


Centre keelson, 224 x = 50 = 

Keelson continuous angles, 55 x 4 x &. 
Intercostal keelson plate, ;3,. 

Upper deck beams, 74 x 35, bulb plate with 

Decble angles, 3 x 3 x + P } on every 2nd frame. 
Middle deck beams, 84 x <8, bulb plate nee 

Double angles, 3 x 3x % 

Hold beams, 94 x % 
Double angles, 4 x 4 x 
Upper deck stringer plate, 52 x 48 -— 31 x 3. 
Middle deck stringer plate, 52 x 4$ - 31 x x. 
Hold stringer plate, 34 x % -— 26 x 3%. 
Gunwale angle bar, 44 x 44 x 3%. 


Sheer strake, 42 x ES 40. 


on every 2nd frame. 


on every 10th frame. 


Garboard strake, 36 x 


Keel, 94 x 24. 

Hold pillars, 33. 

Upper deck, 4 inches thick, laid and caulked. 
Middle deck, 34 inches thick, laid and caulked. 


Additions for Extreme Length. 


Centre keelson increased in depth. 

To side keelson, a bulb is added for 4 L amidships. 

To bilge keelson, a bulb is added for 2 L amidships. 

To bilge stringer, an intercostal plate is added for 4 L amidships. 
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Fig. 63.--Mipsuip SECTION oF A SPAR-DECKED VESSEL. 
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Lloyd’s Numerals. 


4 Girth, . ; : : ; ; ° 32°1 
4 Breadth, . , , : ; : 17°5 
. Depth, . ; , : : ‘ ; 17°73 
Ist No.,. > ; é : : : 67°33 
Length, . : : : : é . 258 
2nd No., : : : ‘ : : 17371 


S spaced 23 inches, 


Ife 
Frames, 4 x 3 x 0 
Reverse frames, 3 x 3 x gy. 
8-7 
Floors, 204 x 20° 
Centre keelson, 17 x ar 


Keelson continuous angles, 5 x 4 x +. 
Intercostal keelson plate, 38. 

Complete steel deck, 38; on spar or main deck. 
Spar deck beams, 7 x 3%, bulb plate with 
Double angles, 3 x 3 x 2% } 


Main deck beams, 6 x 3 x 20” 


Hold beams, 93 x ~%, bulb plate with 
Double angles, 4 x 4 x 28 

Spar deck stringer plate, 44 x 3% — 29 x 38). 
Main deck stringer plate, 37 x 43 - 29 x 38). 
Hold stringer plate, 32 x 3% — 25 x 35. 
Gunwale angle bar, 4 x 4 x 2. 


Garboard strake, 36 x Lee 10 


20 ~ 
Keel, 9 x 28. 
Hold pillars, 3. 
Spar deck, 34 inches thick, laid and caulked. 


on every 2nd frame, 


bulb angle on every frame. 


on every 10th frame. 


Additions for Extreme Length. 


To thickness of sheer strake, 3%; is added for # L amidships, 
To strake below sheer strake, .45 is added for $ L amidships. 
To bilge keelson, a bulb plate is added for  L amidships. 


To thickness of 2 strakes at bilge, #5 is added for $ L amidships, 
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Fia. 64.—Mipsuie SEcTION oF AN AWNING-DECKED VESSEK 
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Lloyd’s Numerals, 


4 Girth, p : : , ; 32'1 
4 Breadth, . : : : ‘ 4 17'5 
Depth, . , ; : ; : ‘ 17°73 
fst. Novyin bo ok, oe NO TIOS 
Length, : , : : ; » 258 
2nd No., F : A : : : 17371 


Frames, 4 x 3 x 7 


50 a spaced 23 inches, 
Reverse frames, 3 x 3 x 75. 


oo 
Floors, 204 x a0 


Centre keelson, 17 x 


12 - 10 
20° 
Keelson continuous angles, 5 x 4 «x y. 
Intercostal keelson plate, 8. 
Complete steel deck, x4, on main or awning deck. 
Awning deck beams, 64 x 3 x 3, bulb angle on alternate frames. 


Main deck beams, 6 x 3 x Seal 


20 ’ 
Hold beams, 94 x 9, with 
Double angles, 4 x 4 x on every 10th frame. 
Awning deck stringer plate, 32 x 4%. 
Main deck stringer plate, 37 x 44 -— 29 x 4. 
Hold stringer plate, 32 x % — 25 x 3. 
Gunwale angle bar, 4 x 4 x 3%. 


Garboard strake, 36 x is a 


20 
Keel, 9 x 28. 
Hold pillars, 3. 
Awning deck, 3 inches thick, laid and caulked. 


bulb angle on every frame. 


Additions for Extreme Length. 


Sheer strake, doubled whole width below stringer plate, for ? L amidships, 
To upper deck stringer, z'5 is added for 4 L amidships. 
One strake at bilge, doubled for 4 L amidships. 
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In awning-decked vessels all frames extend to the awning 
deck; the reverse frames extend to the main deck ; the side 
plating above the main deck is greatly reduced, and no sheer- 
strake is fitted to the awning deck; awning-deck beams are 
lighter than those required for spar-decked vessels. Since 
the awning deck is simply a light superstructure, it is necessary 
that these vessels have a complete main deck laid and caulked, 
These vessels are considered of extreme proportions when over 
11 depths to length, the depth being taken to the main deck. 

The reader will be greatly aided in grasping these differences 
by comparing the sections. | 

Bulkheads.— Watertight bulkheads are iron or steel divisions 
arranged either transversely or longitudinally, dividing the vessel 
into watertight compartments. They also give strength, but 
their chief function is to afford safety, so that should any com- 
partment by any chance or accident be flooded, it is intended 
that the vessel will still float in comparative safety. Most of the 
large liners and warships built in these days are divided and sub- 
divided into numerous watertight compartments, having bulk- 
heads far in excess of the requirements of Lloyd’s or any other 
Classification Society. Thus it is possible in many cases for 
several of these compartments to be damaged and flooded before 
endangering the safety of the vessel. | 

Screw steamers classed at Lloyd’s have a bulkhead at each end 
of the engine and boiler space, and another near each end of the 
vessel. The necessity of having the engines and boilers encased 
in a watertight compartment is obvious. The foremost or colli- 
sion bulkhead should be situated at not less than about half the 
midship beam of the vessel from the stem. The fore end of the 
vessel being the part most likely to be damaged in case of colli- 
sion, and the strain which comes from panting tending to make 
leakage, explains the necessity of having this end of the vessel 
watertight. At the after end of the vessel, however, though 
free to some extent from the danger at the fore end, there is 
severe strain, especially in high-speed vessels, due to the vibra- 
tion of the shafting. As the danger is, that the aft end shell 
plate rivets may be worked loose and leakage occur, this part 
also is made watertight. 

Though in short vessels it may be quite possible for one of 
these five watertight compartments to be flooded, and the vessel 
to remain afloat, it will be evident that in long vessels the 
lengths of the fore- and after-holds would be so great that were 
one of them damaged, and the sea to enter, the loss of buoyancy 
or floating power would be so great that sinking would be 
inevitable. Lloyd’s, therefore, require that in vessels 280 feet 
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and over in length, an additional bulkhead be fitted in the main 
hold; and when over 330 feet in length, another bulkhead be 
placed in the after-hold. 

All bulkheads should extend sufficiently high, so that in the 
event of any compartinent being flooded, there would not be the 
danger of the water pouring over the top of any bulkhead. The 
collision bulkhead should extend to the height of the uppermost 
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B PLAN 
Fig. 65.—CoNNECTION OF BULKHEAD TO SHELL. 


deck, and its watertightness tested by filling the foremost com- 
partment with water to the height of the load waterline. 

The bulkhead bounding the engine and boiler space should 
extend to the upper deck in one-, two-, and three-deck vessels ; 
to the spar deck in spar-decked vessels ; to the main deck in 
awning-decked vessels. 

The aftermost bulkhead should extend to the upper deck, or 
to the spar deck, and should also be tested to ensure watertight- 
ness by filling the after peak to the load waterline. 
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Should the vessel be long enough to require other bulkheads, 
they should extend to the upper deck in one-, two-, and three- 
deck vessels; to the spar deck in spar-decked vessels; and to 
the main deck in awning-decked vessels. 

The bulkhead plating is attached to the shell of the vessel by 
double frames (Fig. 65). 

It often occurs that it is not convenient to carry a bulkhead 
continuously from the keel to its required height, but it is 
recessed or stepped in the form of a plated flat at an intermediate 
part, and then continued to its prescribed height. (See A, Fig. 
66). However, the watertightness must be maintained. This 
may be done by cutting the reverse frames and fitting angle 
collars round the frames in way of the flat, as shown by B, in 
Fig. 66, or cast iron chocks between the frames (C, in Fig. 66), 
or else the frames may be cut, and the flat connected to the shell 
by a continuous angle, with brackets above and below joining 
the flat to the frames (D, in Fig. 66). When a bulkhead is 
stepped on a water ballast tank it should be connected by double 
angles, or in the case where it terminates at a deck, or is fitted 
in a ’tween decks, it should be attached to the decks by double 
angles. Where a bulkhead extends above an iron deck, the longi- 
tudinal strength is preserved by keeping the deck continuous, 
and stopping the bulkhead at the under side, then continuing it 
again above the deck, making the connection by double angles. 
In fitting iron collars in way of a watertight flat, the reverse 
frame is cut and the main frame doubled for about three feet to 
compensate for the break in the reverse frame. Being very 
expensive, this method is not often adopted. When cast metal 
chocks are fitted they are first bedded in cement, and a space 
of about three-quarters of an inch left all round. This space is 
filled with metal filings—the waste from drilling machines— 
which, when rusted and caulked, forms very satisfactory water- 
tight work. The edges and butt laps in all bulkheads must be 
caulked. This is necessary on one side only. It is better to 
caulk the collision bulkhead on the after side, and the aftermost 
bulkhead on the fore side. One reason for this is that it is more 
easily done; but the chief one is, that when these peaks are 
tested by a head of water, should leakage take place, the exact 
spot is easily perceived and caulked. For the other bulkheads, 
it is of little consequence on which side they are caulked. 

It is always better to avoid any abruptness in longitudinal 
strength, and thus all keelsons and stringers should be con- 
tinuous through bulkheads. This necessitates making the bulk- 
heads watertight at these places by fitting angle collars on one 
side of the bulkhead, and often plate collars on the oa The 


98 KNOW YOUR OWN SHIP. 


angle collar is fitted on the side on which the bulkhead is 
caulked, and is itself caulked (see Fig. 67). ; 

As has already been pointed out, if afy part of the vessel is 
subject to any weakening, compensation must be made in some 

| form or other to recover the strength. It will 
be noticed that in attaching bulkheads to the 
shell plating, a double row of holes has to be 
punched, and these are spaced 4 to 44 diameters 
apart. The result is that the shell plating 
round the whole girth of the vessel has been 
greatly weakened. Compensation is made for 
this by fitting what are called liners in the 

fie 6 way of all outside strakes where practicable. 

‘IG. 67,—ANGLE : : 
Cottars Maxtng hese are plates extending, as shown in A, 
Butxueap Warer- Fig. 65, for at least two frame spaces from the 
TIGHT ROUND KrEL- toe of one frame to the heel of another, and 
SON. from the edges of the two inside strakes 
adjacent. The rivetting in bulkhead liners is arranged where 
convenient, 

Longitudinal bulkheads continuous all fore and aft in twin- 
screw vessels also provide a means of subdivision, but at the 
same time they may afford great longitudinal strength if well 
constructed and stiffened, especially in very long vessels, and 
more particularly so in long shallow vessels of the light draught 
type. Their value in stiffening ships has been proved in cases 
where, before they were fitted, the vessels suffered greatly from 
vibration from the machinery, but after they were fitted the 
_ vibration was greatly reduced. The reason of this is explained 
by our girder illustration. The ship, being a hollow girder, has 
its upper and lower flanges (decks and bottom) the more effec- 
tively united, and by this means the whole structure acts more 
in unison in resisting either local or general strain. 

All bulkheads must be thoroughly stiffened if they are to be 
of any service. To simply fit the sheet of comparatively thin 
plating of which bulkheads are made, from side to side of the 
vessel, would be useless in resisting any severe pressure. Bulk- 
head stiffening is composed of angle bars of the size of the main 
frames of the vessel] placed vertically on one side, 30 inches 
apart, and on the other side, horizontally, 48 inches apart. 
According to the dimensions of the bulkhead, additional stiffening 
may be fitted in the form of semi-box beams (Fig. 58), web plates, 
and bulb angles. In all cases the collision bulkhead should be 
additionally stiffened, since this is most liable to danger. 

Especially in the case of passenger vessels and yachts, it is 
often found necessary to have a means of passage through a 
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watertight bulkhead, in order to get from one part of the accom- 
modation to another. This is done by fitting iron doors, which 
can be closed and secured so as to make the “bulkhead perfectly 
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Enlarged sketches showing two different methods of making doors watertight. 
Fie. 68.—BuLKHEAD WATERTIGHT Door. 
watertight (Fig. 68). When such a door is absolutely necessary, 
it must be provided, but whenever possible it should be dispensed 


with, for in case of accident it is very often found that the 
numerous watertight compartments into which the vessel has 
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probably been divided in order to secure safety under the most 
exceptional circumstances, are rendered worthless, and sometimes 
a source of danger by these doors being left open, and either 
forgotten or unapproachable in the hour of need. 

Rivetting.—A most important consideration in the produc- 
tion ef an efficient vessel is good workmanship, and the greatest 
attention should be paid to sound rivetting and accurate fitting 
of butt straps, &c. (Fig. 69). Blind or unfair holes are often the 
result of carelessness on 
the part of workmen in 
marking off the spacing, 
or in punching the rivet 
holes. Where such occur, 
however, the drift punch 
should be strictly for- 

ra BU chien bidden, as its use not only 

tearsand weakens the plate 

Fic. 69.—Burr Srrap. by the severity of itsaction, 

but to get thoroughly 

watertight work is rendered most difficult, as the rivet cannot 

fill up the cavities made in so damaging the plate. The drift 

punch is a tool, as shown in Fig. 70, circular in section, which 

is driven into the hole, and a space 
for the rivet torn through. 

The proper method, when such 
holes do occur, is to rime them with 
a tool (Fig. 70), which cuts away 
any projecting material and leaves 
a clean hole for the rivet. 

After a rivet has cooled down, 
and is found to be slack, or that 
the head has been badly laid up, 

ee TOL Deter PORCH or that on testing leakage takes 

AND RIMER. place, the rivet or rivets should 

not be caulked to ensure water- 

tightness, as is sometimes done, but taken out and _ re- 
rivetted. 

Were it not for the additional cost, it would be better to rime 
out punched holes before rivetting, as this would not only clear 
the rivet holes, but to some extent restore the strength of the 
plate, which is weakened by the severity of the action of 
punching. Though much more costly, by far better work is 
obtained by drilling rivet holes, as this process not only gives 
fairer holes, but does not by its action weaken the plate. 

in punching rivet holes in plates or angle bars, the holes are 


O 


RIMER 
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always punched from the faying surfaces—that is, from the sur- 
faces which are to lie against each other. By this means the 
plates fit hard up to each other, as a rag edge is made on the 
outer surface of the plate in punching. 

Thus in the plates in A, Fig. 71, the holes are punched in the 
direction shown by the arrows. In machine punching, the rivet 
holes gradually increase in diameter in the direction in which 
the punch passes, as shown. 

A few forms of rivetting may here be taken with advantage. 
For watertight work, where one surface of the plating has to be 
flush, the pan head rivet is undoubtedly one of the best. Its 
form is as shown in B, Fig. 71. 

It will be observed that the neck of the rivet is expanded 
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under the pan head; this, when heated and hammered, com- 
pletely fills up the hole in plate a. In plate 6, after the rivet 
hole has been punched, it is drilled by a machine into a more 
conical form, as shown. This is called cowntersinking. When 
the rivet head is thoroughly beaten up, it is cut off in a rounded 
form, leaving it rather full on the flush surface of the plate. In 
cooling, the rivet contracts, and this further tends to effectually 
close up the hole. - Another form of rivet is shown in OC, Fig. 
71. The further this rivet is driven into the hole the tighter 
it wedges itself, and, if well hammered and laid up, it produces 
good results. It is still further improved if the work is not 
prominently visible, by laying up a point as shown in D, Fig. 71, 
producing greater holding power. This also applies to the pan 
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head rivet, which, as has been proved by experience and experi- 
ment, is then the most efficient rivet. 

For the sake of their better appearance, the snap head form 
of rivet has been considerably adopted in many parts of the 
structure exposed to view, especially in bulkheads. But 
hand-rivetted snap head rivets have not produced satisfactory 
results. In clenching up the point of the rivet with the tool 
called the snap cup, the effect is to bring the edges of the rivet 
close, in the form of a point, as shown in H, Fig. 71, leaving a 
hollow all round under the head of the rivet. 

So long as the rivet is kept dry it works well enough, but 
when water gets to it the pointed edge rusts, and corrosion is 
set up in the plate also, with the result that after a time the 
rivet works loose, and, in many cases, they can be twisted round 
by the fingers. 

Where the work has to be strictly watertight, a far better 
result is secured by simply hammering the point down hard on 
the plate, though the appearance is certainly not so taking. 
Nevertheless, appearance should be sacrificed, rather than 
efficiency and strength. 

Where snap rivetting is performed by a machine, however, 
the results are very satisfactory, since the machine has the 
power of more effectually clenching up the point of the rivet. 
But it is only in some parts of the structure where machine 
rivetting can be carried out, although in every case it is superior 
to hand rivetting. 


STABILITY. 103 


CHAPTER VI. (Section IJ.) 
STABILITY. 


ConTENTS.—Definition—The Righting Lever—The Metacentre—Righting 
Moment of Stability— Conditions of Equilibrium — ‘‘Stiff” and 
*Tender”—Metacentric Stability—Moment of Inertia—Agents in 
Design influencing Metacentric Height—How to obtain Stiffness— 
Changes in Metacentric Height during the Operation of Loading— 
Stability of Objects of Cylindrical Form—A Curve of Stability— 
Metacentre Curves—How the Ship’s Officer can determine the Meta- 
centric Height and then the position of the Centre of Gravity in any 
condition of Loading—Effect of Beam, Freeboard, Height of Centre 
of Gravity above top of Keel, and Metacentric Height, upon Stability 
—Wedges of Immersion and Emersion—Effect of Tumble Home upon 
Stability—Stability in Different Types of Vessels. 


Definition. By the térm stability is meant the moment of 
force (usually measured in foot-tons, or in inch-tons), by means 
of which a vessel, when inclined out of the upright position 
through some external force, immediately endeavours to right 
herself. Stability is dependent upon design and loading. 
Many ocean-going craft have not sufficient stability to stand 
upright when light, and loll over, and some will not stand at 
all in this condition without ballast. But ships are not built to 
sail upon the open sea light, and these same vessels may be so 
regulated in the operation of loading as to be changed into 
splendid sea boats. 

The Righting Lever.—In Chapter II. we explained the 
meaning of a foot-ton—viz., that 1 ton of force multiplied by a 
leverage of 1 foot equals 1 foot-ton. Now, if we say that a 
vessel of 1,000 tons displacement has a righting moment of 
stability of 2,000 foot-tons when inclined to an angle of, say, 30’, 
we mean that the weight, 1,000 tons, is acting at a leverage of 
2 feet, since 1,000 x 2 = 2,000 foot-tons; and this is the 
righting tendency possessed by this ship when inclined to an 
angle of 30°. The two factors in the moment of stability are 
weight and leverage. The weight is always the total displace- 
ment. 

The leverage we shall now endeavour to explain. 


104 KNOW YOUR OWN SHIP. 


Fig. 72 represents two midship sections of the same vessel, one 
floating upright and the other inclined to an angle of about 14°. 
When she floated in the upright condition, W L was the water- 
line, the point B is at the same time the centre of buoyancy, or 
centre of gravity of the water displaced by the ship, and G is, for 
that kind of loading, the centre of gravity of the ship and her 
loading. But when the vessel became inclined, as in the sketch, 
she floated at the waterline W’ L’. Observe what has happened. 
The displacement has certainly changed in form, but not in total 
volume or weight ; that remains exactly the same, because the 
weight of the ship and the cargo remain exactly the same. But 
the centre of buoyancy has moved towards the right to B’, which 
is the new centre of displacement (that is to say, the new centre 
of the water displaced by the heeled ship), the old B being no 
longer that centre. The centre of gravity of the ship and its 


Fig. 72,—VEssEL FLOATING Upricut, AND INCLINED 14°, 


loading, G, remains in the same position in the ship as before, 
whatever be the angle of heel, so long as we do not alter the 
loading. It must always be the centre of weight, and will never 
move, as just stated, so long as the weights on board remain 
stationary. The weight of the ship, like all weights, acts 
vertically downward through its centre of gravity, G, and the 
pressures of buoyancy act vertically upward through the centre 
of buoyancy, B or B’, as the case may be. When the ship was 
upright the two points were in the same vertical line, but after 
being inclined, their forces acted through their centres in the 
direction of the arrows on their vertical lines of action, leaving 
a horizontal distance between them, because they are now not in 
the same vertical line. The perpendicular, that is to say, 
horizontal distance between the two vertical lines of action, 
gives the lever, GZ; and this very important distance, G Z, is 
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the lever we want, and which we mentioned previously as one 
of the factors in the measure of a vessel’s stability. 

The Metacentre.—It will be noticed that the vertical line 
through the centre of buoyancy intersects the centre line of the 
section of the vessel at the point M. This point is called the 
metacentre, and is always at the intersection of these two lines, 
which is approximately a fixed point up to angles of about 12° 
or 15° of heel for ship-shaped objects. Usually, at greater 
angles the vertical line through the new B! no longer intersects 
the centre line of the ship at the point M. 

Righting Moment of Stability.— When M is above G, the 
lever is properly termed a righting lever, for then the action of the 
buoyancy is to push the vessel again into the upright position, as 
can easily be seen in Fig. 72. When M is below G, the tendency 
is to add to the inclining force, and in this case the lever is an up- 
setting one. In the sketch, it is evident that the lever is a righting 
one, and therefore the displacement of the vessel multiplied by this 
leverage measured in feet, say, at any particular angle of heel, 
gives the righting moment of stability in foot-tons for that 
angle. 

Conditions of Equilibrium.—So long as there is a leverage, 
the vessel, if left free to move, will not remain at rest, or, as it is 
generally termed, in a state of equilibrium; and the longer the 
leverage, the greater is the moment tending to bring her back to 
the upright condition, or to capsize her, as the case may be ; and 
the longer the righting lever up to angles of 12° or 15° in 
ordinary vessels, the higher must the metacentre be above the 
centre of gravity. Thus, for a vessel to float upright in a state 
of equilibrium or rest, it is evident that the centre of buoyancy 
and the centre of gravity must be in the same vertical line, the 
force of gravity of the ship, and buoyancy of the water neutral- 
ising each other. But it does not follow that in this condition 
the equilibrium will be stable. or if under the effect of some 
external force (such as wind) the vessel heel, and the metacentre 
before heeling be below the centre of gravity, the result will be 
to push the vessel further over, not necessarily by any means to 
capsize her, but (it may be) toa position such as to cause the 
upward vertical line of action of the buoyancy to coincide with 
the downward line of action of the weight, when the vessel will 
again remain at rest. When the vessel floated upright before 
the inclination took place, she might have been compared to a 
child’s play top carefully balanced upon the point, a condition it 
would not be likely to remain in for a long period. ‘This 
equilibrium is called unstable equilibrium. When the meta- 
centre is above the centre of gravity, and thus, under the least 
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inclination, the vessel immediately endeavours to regain the 
upright condition, the equilibrium is termed stable equalibrium. 

‘““ Stiff’? and ‘*Tender.’?—When the metacentre is high 
(equivalent to large righting leverage), and the righting moment, 
when the vessel is inclined, is therefore great, the vessel is said 
to be “stzff;” and when the metacentre is closer to the centre of 
gravity, and the vessel naturally possesses small righting leverage 
for small angles of inclination, she is said to be “crank,” or, as 
sailors more commonly say, ‘‘ tender.” 

When the centre of gravity and the metacentre coincide—that 
is, when both points occupy the same position—the equilibrium 
is then newtral, neither stable nor unstable. 

Metacentric Stability.— Having found the distance between . 
the metacentre and the centre of gravity, the actual lever of 
stability may be found for small angles of heel not exceeding 
15°, by multiplying this distance by the sine of the angle of 
heel (using natural sines*). Then leverage in feet multiplied 
by displacement in tons equals righting moment in foot-tons. 
This stability, which is deduced from the metacentric height, 
or, distance from M to G in Fig. 72, is termed metacentric 
stability: 

Our next endeavour must be to discover the position of these 
points, and to ascertain how they are influenced. The centre of 
buoyancy we have already studied in Chapter III., and have 
found its position to be always in the centre of displacement, 
and also, when the vessel is floating upright, that it is always 
a fixed point at any particular waterline. 

The metacentre also is a fixed point for each successive draught 
when the vessel floats upright, and thus, by calculating a few of 
these points, a curve may be constructed, thereby enabling the 
position of the metacentre to be ascertained at any draught. 

But, first of all, let us see how the design or dimensions of a 
vessel affect the position of the metacentre. The formula for 
finding the metacentre is :— 


Height. of metacentre above 


Moment of inertia of waterline ae 
n centre of buoyancy. 


Displacement in cubic feet 


To give the usual definition of Moment of Inertia would pro- 
bably be to sound the keynote of despair to many a seaman. 
A simple, though perhaps not very scientific method may be 
used, reducing this to terms sufficiently plain to be understood 
by seamen with the most limited mathematical knowledge. 


*See table of natural sines at end of book. Such a table is printed in 
many books on Navigation. 
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Moment of inertia may be understood as the measure of the 
tendency possessed by the superficial area of the waterline of any 
floating object, to remain inert, dead still, or motionless. It 
must be clearly understood that this moment of inertia applies 
only to the waterline area at which the vessel is floating, whether 
the vessel be a ship, a box, or a log of wood. Thus, the fact that 
there may be one part of the floating object out of the water, and 
another part in it, is left entirely out of consideration. Simply 
area at the waterline is dealt with. The formula for moment ot 
inertia of a rectangular-shaped waterline is as follows :— 

Cube the side at right angles to the longitudinal axis, multiply 
this by the length of the waterline, and divide the result by 12. 


Note.—Have all the measures in feet to match the displacement. 


' a ‘ 
i«-—-—----— 50 -------— > 
\ t 


Fig. 73.—PLAN oF WATERLINE. 


For example, take Fig. 73, which is a plan of the waterline of 
a box-shaped vessel 50 feet long, 10 feet broad, and 8 feet draught. 
The moment of inertia would be :— 


10? x 50_ 10 x 10 x 10 x 50 
Bis 12 
The student should note that since the dimensions and area 
of all the waterlines of a box-shaped vessel, floating with the 
bottom parallel to the waterline, are equal to one another, the 
moment of inertia of each waterline is the same. 
_ But let us proceed to find the height of the metacentre. This 
is done by dividing 4166-66 by the displacement in cubic feet ; 
the result is the height of the metacentre above the centre of 
btoyancy. The draught is 8 feet. It is, therefore, evident that 
the object, being of box form, the centre of buoyancy must be at 
half the draught, which is 4 feet above the bottom. The dis- 
placement in cubic feet will be the volume of the part of the 
vessel immersed which equals :— 


= 4166'66 moment of inertia. 


50 feet length x 10 feet breadth x 8 feet draught = 4000 cubic feet 
displacement. 


4166°66 : 
Then 400) 104 feet height of metacentre above centre of buoyancy. 
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Now the question may be well asked at this stage—Of what 
value is this result? ‘Che only answer is, that these points by 
themselves are of no practical use, and give no idea whatever of 
a vessel’s stability, until we get the position of the centre of 
gravity. Let us suppose the height of the centre of gravity from 
the bottom of the box to be 3 feet (the box having, of course, & 
load in its lower part, so as to keep the centre of gravity of the 
loaded box down to 3 feet). 

Since the metacentre is 1:04 + 4 = 5-04 feet from the bottom 
of the box, therefore the distance of the centre of gravity below 
the metacentre is 5-04 — 3 = 2:04 feet, proving that the vessel 
is floating in a condition of stable equilibrium. While floating 
at this draught, imagine a weight of 20 tons already on board 
to be raised 13 feet. Observe distinctly the new state of affairs, 
supposing that after the alteration the vessel floats upright. 
The displacement, the positions of the centre of buoyancy and 
metacentre are all just the same as previously, no alteration 
having occurred in the draught. There has, however, been a 
change in the position of the centre of gravity, thereby affecting 
the distance between the changed centre of gravity and the 
unchanged metacentre. Any vertical movement of weight in 
the box must either raise or lower the centre of gravity, con- 
sequently in the case before us, since the weight of 20 tons was 
raised, it follows that the centre of gravity must have travelled 
in the direction of the shifted weight. But how far? We 
have already discovered how to find this in the Chapter on 
Moments, viz. :— 

Multiply the weight by the distance it has been moved, and divide 
by the total displacement (4,000 cubic feet = 114-2 tons). 


Z0E Melo 
1142 


Distance centre of gravit 

= 212 took — \ has moved en y 
We now see that the centre of gravity instead of being below 
the metacentre as previously, has risen to (2:2 — 2:04) = 0:16 
foot above it. If the box remain upright, it is in a condition of 
unstable equilibrium, and any exterior force upon it will readily 
cause it to heel. As the vessel has not sufficient stability to 
float upright, the vital question is, will she capsize? In the 
example before us, the vessel having a good freeboard of about 
5 feet, the answer is “‘no,” for after inclining to an angle of 
about 18°, she would remain at rest with this permanent list. 
Let us again investigate the circumstances. ‘The centre of 
gravity has remained stationary under the inclination. We 
observe a slight movement of the centre of buoyancy from its 


STABILITY. 109 


old position to the new centre of displacement. In the earlier 
stage of this inclining movement, the vertical line through the 
ceutre of buoyancy intersected the centre line of the vessel below 
the centre of gravity, in fact, as always for very small heels, at the 
metacentre, making a leverage between the vertical lines through 
the centre of buoyancy and the centre of gravity. This point 
of intersection being below the centre of gravity, the heeling 
continues, for the moment is an upsetting one, the buoyancy 
expending itself in pushing the vessel further over. Reference 
to Fig. 72 will assist in tracing the movements of these points. 
However, after inclining to an angle of about 18°, it would be 
found that the centre of buoyancy had travelled so far out 
towards the inclining side as to bring it vertically beneath the 
centre of gravity, the vertical lines of action through these two 
points coinciding. The upsetting lever having vanished, the 
box floats in a condition of equilibrium, having neither righting 
nor capsizing moment, and will move neither towards the port 
nor the starboard except by the application of sheer exterior 
force. For vessels of cylindrical form, and, therefore, circular 
in section, the metacentre is the point of intersection of the 
vertical line through the centre of buoyancy with the centre 
line of the cylinder for all angles of inclination, and, knowing 
this, we shall soon see how the whole range of such an object’s 
stability may be readily determined. As we have observed, 
vessels of ship form differ from cylinders for large angles of 
inclination, and another method has to be adopted in order to 
trace out the whole range of stability. 

Agents in Design Influencing Metacentric Height.—The 
two important factors in the design of a ship influencing the 
height of the metacentre are beam and displacement. The 
formula for the moment of inertia of the waterline of a box 
vessel we have already stated as :— 


Length x Breadth’® 
12 ; 


so that, as the breadth is cubed, any addition to this dimension 
must have greater effect in increasing the moment of inertia of 
any waterline than a similar addition to the length. 
The formula for height of metacentre above centre of buoyancy 
1s :— 
Moment of inertia of load waterline 
Displacement ; 


_ It must, therefore, be evident that the smaller the displace- 
ment, the greater will be this height.. Had the displacement of 


§ 
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the box vessel, referred to previously, been reduced by cutting 
off the bottom corners and making it more triangular in shape, 
preserving the same area of waterline, a much higher metacentre 
would have been obtained. Thus, fine vessels with good beam 
produce the highest metacentres. These points may be more 


vividly illustrated by means of a few simple examples :— 


Let 2 feet be added to the beam of the box vessel with which we have 
just been dealing, the draught remaining the same. The dimensions will 
now be—Length, 50 feet ; breadth, 12 feet; draught, 8 feet. 


3 
Phe moment of inertia = oe = 7200. 


The displacement = 50 x 12 x 8 = 4800 cubic feet. 


i = 1°5 feet = metacentre above centre of buoyancy, 
In the original condition, the metacentre was 1:04 feet above the centre of 
buoyancy, and 2°04 feet above the centre of gravity. 

The metacentre, being raised (1°5 — 1:04 =) 0°46 foot, by the addition 
of 2 feet to the beam, in its turn increases the metacentric height to 
(2:04 + 0°46 =) 2°5 feet, greatly adding to the stiffness of the vessel. 
Had we added 2 feet to the length of the vessel, certainly the moment of 
‘nertia would have been increased, but so would the displacement, entirely 
neutralising what might have been imagined a means of raising the meta- 
centre. 


3 
Ses = 4333°33 moment of inertia. 
52 x 10 x 8 = 4160 cubic feet displacement. 
ae — 1:04 feet metacentre above centre of buoyancy, and 


the same as the original height. 


If 2 feet had been added to the draught, the momient of inertia would 
3 
have remained the same : ee = 4166°66, and the displacement would 
naturally have been enlarged, 50 x 10 x 10 = 5000 cubic feet. The evident 
result must be that in relation to the centre of buoyancy, the metacentre is 
4166°66 
now lowered, for 000 0:83 foot metacentre above centre of buoyancy, 


which is less than the original 1°04. 


By these simple illustrations it is clear that beam is the most 
important factor in the dimensions of a vessel by means of which 
a high metacentre is obtained, simply because the breadth of the 
vessel is used in the third power, while the other dimensions are 
used only in the first power, in the process of calculation. It 


will also be noticed that the position of the weights carried 
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governs the position of the centre of gravity of the loaded 
vessel. 

How to Obtain Stiffness.—We have now discovered two 
means of obtaining stiffness—first, by placing heavy weights as 
low as possible, thus drawing the centre of gravity down from 
the metacentre ; and second, by adding to the beam to raise the 
metacentre. 

Changes in Metacentric Height when Loading.—We can 
also the better understand how it is that some vessels, especially 
when loaded with homogeneous cargoes, get tender when the 
last part of the cargo is being put on board, and the load water- 
line approached. For some distance below the load waterline, 
little or no increase has occurred in the area of the waterline. 
In fact, where the vessel possesses great twmble home,* it may 
even happen that the width of the waterline at the load line is 
less than at 1 or 2 feet below it, and we have seen what effect 
any reduction in the beam has upon the moment of inertia. 
Now, while with increasing load, no increase may have been 
occurring in the moment of inertia while nearing the load water- 
line, the displacement has certainly continued to increase with 
the increasing load. The metacentre and the centre of buoyancy 
have, therefore, come nearer each other. But at the same time, 
the centre of buoyancy has certainly risen above the keel some 
distance, being now the centre of a greater displacement, and 
may have risen more than the metacentre has sunk. The result 
is that the metacentre may actually be higher from the keel 
than before. But the continuance of the loading producing this 
rise in the centre of buoyancy above the keel has also raised the 
centre of gravity above the keel, with the effect of reducing the 
distance between the metacentre and the centre of gravity— 
that is to say, the metacentric height is reduced, or, the vessel 
has become more tender. Before any cargo was placed on 
board, the metacentre and the centre of gravity had perhaps only 
5 or 6 inches between them. In this position, the vessel would 
be tender, not at all uncommon when light. Now, let the centre 
of gravity of the unloaded ship be at half the depth of the hold. 
It is clear that when the operation of loading commences, and as 
long as weight is being placed below the centre of gravity, the 
centre of gravity must be gradually lowering, and the vessel 
becomes very stiff in consequence, but as cargo continues to be 
loaded, and the holds are about filled, the centre of gravity 
rises again. It is also evident, that if more heavy cargo be 
placed above the original centre of gravity than below it, the 


* «Tumble home” is the difference between the amidship breadth at the 
uppermost deck edge and the moulded breadth. 
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centre of gravity must be higher than it was previously. We 
must not forget, however, that the metacentre has varied with 
every change of draught. If we had a curve of metacentres 
for the vessel, we could readily ascertain its correct position. 
If it were found that we had so loaded our vessel as to bring 
the centre of gravity again into proximity to the metacentre, 
the result would naturally be a small metacentric height and 
a tender ship. 

Stability of Cylindrical Objects.—At this stage, it will 
repay us to give a little attention to the stability of objects of 
cylindrical or cigar form, and from these simple shapes to deduce 
such principles as will help us in dealing with the more com- 
plicated ship forms. 

Let Fig. 74 be such an object 50 feet long, 10 feet diameter, 
and for the sake of example, a solid piece of timber, floating half 
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immersed—that is, at 5 feet draught. The centre of gravity will 
be in the centre of the log at G. Every reader knows from 
observation that such an object will float as readily in one 
position as another, and with any of the points, a, b, c, d, upper- 
most. Such a condition is, therefore, one of neutral equilibrium, 
and this being the case the metacentre and the centre of gravity 
must coincide. Let us endeavour to prove this. It is clear that 
G is the centre of weight. The centre of buoyancy will be in 
the centre of the half circle in the water at B. If a piece of 
cardboard were cut to this shape, and balanced upon a point, it 
would be found to be -4244 of the half diameter of the cylinder 
down from the line CD =-4244 of 5 feet = 2°122 feet. The 
moment of inertia of the waterline will be 


50 x 108 
Tapp 4166°66, 
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The displacement is 


De . 
102 x i864 x0 kU gear 


4166-66 
Therefore, 1963-5 


bringing it exactly up to G, thus proving the fact that the vessel 
floats in a condition of neutral equilibrium. 

Had the above cylinder been made of heavier wood, so as to 
float deeper, as shown in Fig. 75, its equilibrium would still 
have been neutral, and in like manner the metacentre and 
centre of gravity would have coincided. 

Or again, had the object been made of lighter material, and 
floated as in Fig. 76, the equilibrium would have been un- 
changed, for still the metacentre and centre of gravity would 
have occupied the one position. 

The fact to be remembered from these examples is, that the 
transverse metacentre is always the centre of the circular section 
whatever be the draught. 

But suppose the vessel is hollow, and a weight is placed inside 
and firmly fixed, with the effect of lowering the centre of gravity, 


= 2°122 metacentre above centre of buoyancy, 
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say, 1 foot below the metacentre. The vessel floats, say, at 
half the diameter draught, 5 feet. To whatever angle the 
vessel be now heeled, the centre of buoyancy must always be in 
the centre of the immersed semicircle, and the centre of gravity 
is immovable in its position. 

When floating upright, as shown in Fig. 77, the metacentre, 
centre of gravity, and centre of buoyancy are in the same vertical 
line ; but if the vessel be heeled, the centre of gravity and centre 
of buoyancy will no longer be in the same vertical line. The 
distance between the two vertical lines through the points G 
and B’ indicates the lever of stability, G Z. : 
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In heeling, it is clear that a part of the vessel of wedge shape, 
LM1(Fig. 78), formerly out of the water, 
is now immersed, and another wedge- 
shaped part, W M w, formerly in the 
water, has become emerged. Whenever 
it happens, whatever be the type of 
floating object, that the immersed wedge 
is identical in shape with the emerged 
wedge, with each of their centres the 
same distance from the vertical line 
through the centre of buoyancy, this 
vertical line will intersect at the point 
M, in the line a}, thus keeping the 

Fic. 78. distance from M to G (the metacentric 

height) the same. 

The lever of stability can be found by multiplying the distance, 
M G, by the sine of the particular angle of heel. This is true for 
all floating objects of cylindrical form ; and thus it matters not 
how great may be the angle of heel, it is always found that 
the immersed wedge, L MJ, is equal both in shape and volume 
to W M w, and also that their centres, P and K (see figure), are 
at equal distances, #, from the vertical line through B’. Know- 
ing this, we can proceed to ascertain the whole range* of 
stability for our cylindrical vessel. The calculations for the 
levers of stability will be made at every 10° of heel. 

A very simple method of illustrating the levers of stability for 
cylindrical vessels (and one which the reader might well try for 
himself, thereby proving by measurement the accuracy of the 
calculation) is as follows :—Cut a piece of cardboard circular in 
shape, and mark upon it in black dots the positions of the meta- 
centre, the centre of buoyancy, and the centre of gravity (1 foot 
below the metacentre) in the upright condition. Loosely attach 
the cardboard to a flat board, placed vertically by means of a 
screw through the point indicating the metacentre, so as to be 
free to revolve. Over the head of the screw loop a thin length of 
cord, and to the other end attach a button or round piece of lead, 
so as to exactly cover the centre of buoyancy. Knot another 
piece of cord, and pass it through the back of the cardboard at 
the point indicating the centre of gravity, and at an indefinite 
length hang another button or weight. When upright, the two 
cords will hang together, but immediately the cardboard diagram 
is inclined the cords will separate, and the perpendicular distance 
between them represents the lever of stability. By revolving 


* By range is meant the extent of the inclination from the upright 
osition to the angle at which a ship’s righting force vanished. , 
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Fie. 79.—CurvVE oF STABILITY. 


7~— or = 


Osa ot 
a 


a 


VUPRIGHT 


1534 
NI1S83A31 40 31095 


the diagram at intervals it will be found that the levers measure 
according to the calculation G M «x sine of angle of heel = lever 
of stability. [Vote-—G M = 1 foot.] 
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Lever at 10° = 1 x sine of angle of 10° +1736 = ‘17 
, 20 =1x 20° +3420 = °34 
30° = 1 x if 30° +5000 = °50 
Paes ee - 40° +6427 = *64 
"60° =1% * 50° -7660 = “76 
2 60h lax a" 60° -8660 = °86 
> 0° = 1x 7 70° +9396 = ‘93 
80° 1 se - 80° +9848 = -98 
90? = 1 x b. 90° 1000 =1 


To Construct the Curve of Stability (see Fig. 79).—Draw 
the horizontal line A B, and upon it at regular intervals mark 
off spaces, each indicating 10° of heel. The 10° spaces may be 
further subdivided into tenths, each representing 1° interval. 
From the point A draw the vertical line A C, and upon this line 
construct a scale of levers of stability, each space representing 
‘1 of a foot. Using the scale A C set up at the 10°, 20°, 30°, &c., 
intervals, their corresponding leverages, 17, ‘34, ‘50, &c., and 
through all these points run a curve. By means of this curve, 
leverage at any intermediate angle of heel can now be readily 
measured. In the figure before us, we see by the diagram that 
the righting lever of stability steadily increases up to 90°, where 
it attains its maximum length, after that it gradually decreases ~ 
exactly opposite to the way in which it increased until at 180° 
it vanishes altogether. The lever then begins to grow again, no 
longer a righting one, but an upsetting one, and it continues to 
increase up to 270°, where it is longest. After that, it again 
diminishes, until, when a whole revolution has been made at 
360°, the vessel once more becomes stable. 

But the question may be asked—How comes it that for vessels 
of ship form the vertical line through the centre of buoyancy only 
intersects the centre line of the ship at the metacentre for small 
angles of heel up to 12° or 15’, and at larger heels usually does 
not? The reason is simply this :— 


3} 


Fia. 80.—WEDGES OF IMMERSION AND EMERSION PRACTICALLY EQUAL 
SECTORS OF THE SAME CIRCLE FOR SMALL ANGLES OF INCLINATION. 
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The wedges of immersion and emersion of an actual ship for 
small angles of heel are practically sectors of a circle, and thus 
resemble the wedges with which we have just been dealing, in 
the vessel of cylindrical form, the wedges being exactly equal in 
volume, and practically identical in shape, with their respective 
centres at practically equal distances (a) from the vertical line 
through the centre of buoyancy (Fig. 80). So long as these con- 
ditions remain unaltered, the vertical line through the centre of 
buoyancy, at whatever angle the vessel may be inclined, will 
always intersect the line a6 at the metacentre, and when such 
is the case, the distance M G multiplied by sine of angle of heel 
will give the lever of stability, GZ. But in vessels of ordinary 
ship form when inclined to large angles of heel, the wedges of 
immersion and emersion, although exactly equal to each other 
in volume, are dissimilar in shape, with their centres at quite 
unequal distances from the centre of buoyancy. 

Metacentre Curves.—When this is the case, the vertical 
line through the centre of buoyancy does not intersect the line 
ab, Fig. 80, at the metacentre.* For large heels the position 
of the point M (originally the metacentre for the upright con- 
dition) is more difficult to ascertain, and is, therefore, discarded 
in present practice in determining the range of stability. Now, 
although it is advisable for a seaman to thoroughly under- 
stand displacement, buoyancy, the metacentre, and the principles 
governing and affecting the same, yet it is not necessary for him 
to enter into the mathematical method of calculating the same, 
for when these matters are understood, every necessary infor- 
mation about their values may be supplied to him in the form 
of curves, by the shipbuilder or naval architect who designs his 
vessel. ‘Thus we have shown in Figs. 3, 5, 15, and 16 curves of 
displacement, curves of “tons per inch, ” and also curves of centres 
of buoyancy. Since these quantities are always the same at 
particular draughts, all that the seaman requires are the curves 
themselves, the knowledge of their value, and how to read them. 
The same applies to the metacentres. These also are fixed 
points for each draught for the vessel in the upright position, 
and, as we have shown, for small angles of heel. We shall now 
proceed to give an illustration of such a curve, and show how it 
is constructed and read. 

The principle of the calculation for the metacentre of a vessel 
at a particular draught is the same as for a box, except that on 
account of the varying shape of the waterline, a slight modifi- 
cation has to be made, to find the moment of inertia of the water- 


“The metacentre is a term which ought only to be applied to the point 
M so long as it is constant in position, which is only for small angles of 


inclination. 
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line, which, divided by the displacement at the particular draught, 
gives the height of the metacentre above the centre of buoyancy. 
So that, first of all, we require the positions of the centres of 
buoyancy. In Fig. 15 a curve of centres of buoyancy is given 
for a certain vessel. This we shall transfer to Fig. 81, and set 
off the metacentres for the same vessel. ; 


Fic. 81.—CuRVE oF TRANSVERSE METACENTRES, 


Scale of draughts in ft. 


The metacentres, as calculated, were as follows :— 
At 4 feet draught, 19-0 feet above centre of buoyancy. 
92 


+P] 8 ” > 9 
o> 12 ” 5°75 bP) 99 
te) 16 ” 4 ” 99 
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At tlhe point in the horizontal scale of draughts, representing 
4 feet draught, draw a vertical line intersecting the curve of 
centres of buoyancy, and extending above it. Using the vertical 
scale of feet at the side, set up the height of the metacentre above 
the centre of buoyancy (19 feet), which shows the position of 
the metacentre to be 22 feet above the bottom of the keel. The 
same process is performed at the other waterlines, and when 
all the points representing the metacentres have been set off, a 
curve is run through them, which is that required, and enables 
us to read off heights of metacentres at any draught. 

Unlike the centres of buoyancy and metacentres, the centre 
of gravity is not a fixed point except in certain conditions, and, 
therefore, cannot be supplied to the ship’s officer. Every varia- 
tion in the arrangement of weight or cargo, whether it be a 
yacht or cargo steamer, will affect the position of the centre of 
gravity, since, as we have already observed, the centre of gravity 
is the centre of weight. So that about the only conditions in 
which the centre of gravity may be relied upon as being a point 
capable of being specified in position beforehand are—(1) 
when the vessel is light, with bunkers empty, and no stores on 
board, and (2) when the bunkers are full, the boilers full, and 
all stores on board. To know the position of the centre of 
gravity in these conditions, is practically all that is required for 
yachts, whether they be sailing or steam, as these are about the 
only conditions in which they float. But for vessels carrying 
miscellaneous cargoes, perhaps wheat on one voyage, cotton on 
another, coal on another, and so on, the centre of gravity may 
possibly after loading seldom occupy the same position twice 
in succession, so that it becomes advisable to ascertain the 
metacentric height under certain conditions of loading. We 
shall, therefore, endeavour to show how the ship’s officer may 
determine the metacentric height himself by finding the position 
of the centre of gravity. 

How to find the Metacentric Height and the Position 
of the Centre of Gravity.—Perhaps some reader is imagining 
that the method will be that described in the Chapter on 
Moments, and it is quite true that the centre of gravity could 
be found by striking a horizontal line at the bottom of the keel, 
and multiplying each individual weight constituting the ship 
and the cargo—shell plating, frames, floors, decks, beams, masts, 
stores, cargo, engines, boilers, winches, windlass, and the host of 
other items, and dividing the sum of the moments by the sum 
of all the weights, the result being the height of the centre of 
gravity above the horizontal line. If carefully done, the method 
would be all very well, but the immense labour entailed must 
be evident to every reader. Happily, an accurate, as well as a 
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very simple method may be adopted, by means of which the 
centre of gravity can be determined in a very short time by 
experiment. The day chosen should be as calm as possible. 
The vessel lying either in dock or river, should be moored only 
over stem and stern; no ropes abeam, and, if possible, with 
what breeze there may be, blowing directly fore and aft, so as 
to lend no assistance in heeling the vessel. Place a known 
weight with its centre over the centre line of the vessel, as near 
as possible to midships, and capable, when afterwards moved to 
the port or starboard, of inclining her 5° or 6°. 

This weight may consist of anything heavy enough in its 
nature, and the centre of which and its weight can be accurately 
determined. Pig iron* may be conveniently used, or blocks of 
ballast iron, &c. These should be carefully ranged over as little 
space, according to the size of the vessel, as possible, and may 
weigh from 1 ton or less, to perhaps 15 or more tons. 

This part of the operation having been carried out, the next 
thing to do is to carefully note the draught at which the vessel 
is floating. Let it be, say, 


1d fect 6 inches aft f2 mean draught of 14 feet, 


This, on the displacement scale belonging to the vessel, reads 
1,400 tons (see Fig. 3). At the centre line of the vessel suspend 
two plumb lines, one forward, and the other aft. Let both lines 
hang freely, and mark clearly a definite length on each of them, 
measuring from the point from which each one hangs, in our case, 
say, 8 feet. Great care should be taken to see that the lines 
hang perfectly plumb on the centre line of the ship. Having care- 
fully arranged all this, we can now proceed with the experiment. 

Let the weight of (say) 12 tons be moved from the centre of 
the vessel, first to starboard, as far as possible, in our example, 
say, 14 feet. This distance of 14 feet is measured from the 
centre of the weight when it was on the centre of the vessel to 
the centre of the weight when afterwards moved to starboard. 
Having done this, on going to the plumb lines it is found that by 
the fore one a deviation of (say) 54 inches has occurred on the 
length of 8 feet, but on going to the aft one the deviation is 
found to be 6 inches. The weights should now be carried to the 
port side, and placed at the same distance as on the starboard 
side, 14 feet from the centre line of the ship. On going again 
to the plumb lines it is found that by the fore one 6} inches 
deviation has occurred, and 5? inches by the after. 

* A reliable and most convenient method is to fit a large fresh water 


tank on each side of the ship, and use the weight of water in this (if 
sufficient) for inclining purposes. 
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If all these be added together and divided by 4, we shall have 
the mean deviation :— 


Port forward = 6} 
Port aft = 52 
Starboard forward = 53 
Starboard aft =. G 
4)233 


5°875 inches. Mean deviation. 


Having obtained this result, the practical part of the experi- 
ment is now finished, the remainder being a matter of simple 
calculation. Three results have to be found. 

l. The distance the actual centre of gravity has moved to one 
side. Perhaps some reader is saying, ‘‘ but the centre of gravity 
has not been found.” True, nevertheless we can find how far it 
has moved in the direction of the shifted weight. According to 
our study of moments in Chapter II., the rule is:—Wultiply the 
weight moved by the distance vt is moved, and divide the result by 
the total weight. 


Weight moved = 12 tons. 
Distance moved = 14 feet, and the total weight equals the displacement, 
which was found to be 1,400 tons. 
12 x 14 
1,400 tons displacement 
moved in a line, parallel to the line joining the centres of the weight, 
in its original and in its new position. 


= 0°12 foot distance the centre of gravity has 


2. The next thing to be done is to find the cotangent of the 
angle to which the vessel has been inclined. This is arrived at by 
dividing the length of the plumb line in inches by the mean de- 
flection of the plumb line at that length in inches. 


8 x 12 


6875 ~ 16°3 = natural cotangent of angle of inclination. 


Although it is not needed in this calculation, still by referring 
to the table of cotangents at the end of the book, it is seen that 
the vessel has inclined to a mean angle of 34°. 

3. The last part of the operation is to find the metacentric 
height, or the distance from the centre of gravity to the meta- 
centre. This is done by multiplying the shift of the centre of 
gravity by the cotangent of the angle of heel. 


0:12 x 16°3 = 1°95 feet, distance of metacentre above centre of gravity. 


This result is the metacentric height of the vessel in its 
present condition—that is, with the weight used for heeling upon 
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the upper deck. Now it is not likely that this weight will be 
carried in this position when the ship goes to sea. Should the 
weight be placed on board simply for the experiment, with the — 
intention of placing it ashore afterwards, a correction must be 
made in the metacentric height, for it is evident that the weight 
being as we now find it, say, 8 feet above the centre of gravity, 
its effect is to raise the centre of gravity higher than it would 
be were the weight not there. Therefore, by taking the weight 
away, the centre of gravity must be lower. Then weight removed, 
multiplied by its distance from the centre of gravity, and the result 
divided by the total weight, which must be reduced by the removal 
of the weight, will give us the distance the centre of gravity has 
lowered. 


eiteae = ee = 0:06 foot = how much centre of gravity is lowered. 

Thus, after the removal of the weight, the centre of gravity is 
1:95 + 0:06 = 2:01 feet below the metacentre. 

But suppose the weight used for heeling is one which is 
intended to be kept on board, being perhaps part of the 
ballast iron in the case of a yacht. Then, by lowering the 
weight into the hold again, the effect must be to lower the 
centre of gravity, and we proceed as in the previous case. 
(Weight x distance moved) + displacement = distance centre 
of gravity has lowered.) Measure the distance from the centre 
of the weight on deck to its centre in the new position it will 
occupy in the hold, say, 15 feet. Then, 


IZ 1S 
1,400 


Therefore the corrected metacentric height is 
1:95 + 0°12 = 2°07 feet. 


Having become acquainted with the points known as the 
centre of buoyancy, the metacentre, and the centre of gravity, 
and to some extent the causes affecting them, and having given 
some attention to the wedges of immersion and emersion when 
the vessel is inclined, we are now more capable of pursuing our 
study of the subject, and of endeavouring to understand how 
the levers and -range of a vessel’s stability are affected under 
greater angles of heel. 

Valuable as a knowledge of the metacentric stability (that is, 
stability at very small angles of heel) of a vessel may be under 
certain circumstances, yet it alone is no safe criterion of a vessel’s 
resource of safety, when exposed to severe weather and subject 
to excessive heeling forces. 


= 0°12 foot distance centre of gravity is lowered. 


STABILITY. 123 


For example, in the loaded condition one vessel might have a 
metacentric height of, say, 1 foot, which for small angles of heel 
would generally give good righting force, but for greater angles 
of inclination the righting lever might rapidly decrease and soon 
vanish altogether; while another vessel, with perhaps only 6 
inches metacentric height, and possessing small righting force for 
small angles of heel, might yet have a very long range of stability 
and good righting force at greater angles of inclination. 

It thus becomes evident that further investigation is necessary, 
and we have yet to discover those features in a vessel’s design, 
condition, &c., which so powerfully influence her stability under 
all angles of heel. 


a Bes 
: : + 3S 2 ome q Ses 
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* L = Length ; B = Breadth; D = Draught. 


To treat of this effectively by means of actual ship stability 
data, would necessitate such a graduated variety of vessels as to 
make such a task a very laborious one. However, this difficulty 
is easily surmounted. Our purpose will be served by using 
vessels of box shape, which, while simpler in form than actual 
ships, are nevertheless capable of lending themselves to the main 
features we wish to illustrate, and of proving the principles it 
is desired to make prominent. The three great factors upon 
which the stability of any floating object depends, whether it be 
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of ship or box form, are beam, freeboard, and position of centre of 
gravity. By means of a series of box vessels, the particulars of 
which are given in the table (p. 123), and the curves of stability 
in Fig. 82, the endeavour will be made to reveal the importance 
of each. 

l. Effect of Beam.—Vessels, numbers 1, 2, 3, 4, and 5, with 
the curves of corresponding numbers, will serve for reference 
and examples in this case. Here we have five vessels, each 100 
feet long, 10 feet draught, 5 feet freeboard, and with beams of 
12, 15, 20, 25, and 30 feet respectively. In each case we have 
imagined the centre of gravity to remain stationary at 6°3 feet 
from the bottom of the box, for the depth and draughts being 
assumed to remain the same in each vessel, it is quite reason- 
able to take it for granted that no change would occur in respect 
to the position of the centre of gravity. 

It has already been shown, earlier in this chapter, that 
increase of beam raises the metacentre. This has, therefore, 
happened in the examples with which we are dealing, the result 
being a metacentric height of —0:1, ‘57, 2, 3:9, and 6:2 feet 
respectively. 

Let us examine the curves of each of these vessels, and see 
what can be gathered from them. 

Curve No. | commences with the metacentre 01 foot below the 
centre of gravity. In this condition the vessel is incapable of 
floating upright. Will she capsize? ‘The curve answers the 
question most emphatically that she will not. If undisturbed 
she would take a slight list and then lie at rest. If forcibly 
inclined, the righting lever of stability would continue to grow 
in length, until, when on her beam ends (90° on curve), she has 
barely attained her maximum stability. 

There is, however, nothing to elate one very much in the fact 
that a vessel has splendid stability at 90° of inclination, for every 
seaman knows that long before that angle is reached, it would 
be impossible to stand upon or work such a ship, and, moreover, 
weights on board which are considered as permanent and fixed 
would be on the move, and then most disastrous results would 
inevitably ensue. If the levers of stability are good up to 50° 
or 60°, and even then are decreasing and vanish altogether at 
90°, not much fear need be entertained, for rolling to angles of 
even 30° or 40° on each side is considered very excessive. 

Had we been guided in this particular case entirely by the 
metacentric height, the conclusion might have been come to that 
her condition is much more serious than it actually proves to be. 
Certainly the vessel is too tender; but what is needed is either 
ballast of some kind in the bottom, if the vessel is not down to 
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the load waterline, or else a re-arrangement of the cargo so as to 
bring the heavy weights lower, and thus increase the metacentric 
height. Either of these methods would add immensely to the 
improvement of the vessel’s condition. Further observations on’ 
this type of vessel are made at a later stage, in the remarks on 
“ Rolling” and “ Behaviour at Sea.” 

Curve No. 2.—The difference between this vessel and the 
previous one is, that owing to an increase of 3 feet in the beam 
the metacentre has been raised, and now the metacentric height 
is 0°57 foot. The curve shows longer levers of stability up to 
90° of heel, where it crosses Curve No. 1. The vessel is there- 
fore stiffer, and has greater righting force up to this point, but 
her maximum lever of stability is reached sooner than in the 
foregoing vessel. 

Curve No. 3.—The beam is now 20 feet, giving a higher 
metacentre, and a metacentric height of 2 feet. 

Curve No. 4.—Here the beam is 25 feet, with a higher 
metacentre, and a metacentric height of 3:9 feet. 

Curve No. 5.—In this case the beam increasing to 30 feet, the 
metacentre continues to rise, and the metacentric height attains 
6:2 feet. 

Let us see what information can be gathered from these curves 
for similar vessels increasing in beam only. . 

First. With every increase in beam, and consequent increase 
in the metacentric height, the successive curves rise steeper and | 
steeper, indicating greater stiffness and resistance to heeling. 

Second. Each successive curve reaches a greater height than 
its predecessor, giving a longer maximum lever of stability, and, 
consequently, a greater righting moment. 

Third. In each successive curve the maximum lever of stability 
is reached at a smaller angle of inclination. 

Fourth—In each successive curve the lever of stability 
vanishes at a smaller angle of inclination. 

Judging from these curves, we might at first be inclined to 
give the entire credit of the great growth in the lengths of the 
righting levers in each successive curve to the increased meta- 
centric height resulting from the increased beam ; but a further 
comparison of curves will assist us in arriving at a more correct 
conclusion. 

2. Effect of Freeboard.—Curve No. 6.—The vessel repre- 
sented by this curve has the same length, breadth, draught, 
metacentric height, and height of centre of gravity above the 
bottom of the keel as No. 3. Instead of 5 feet freeboard she has 
only 1 foot. Mark the effect in the curve. Instead of the 
splendid sweep of No, 3 reaching its maximum lever of 1°9 
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feet at about ‘60° of inclination, and vanishing at considerably 
past 90°, No. 6 has never more than a lever of 0-2 foot, and that 
at the angle of 20°, the curve vanishing altogether at an angle of 
less than 50°. 


Curve No. 7 is for a similar vessel, with 1°5 feet freeboard. 


9) 8 9 29 ” 2 bP) 9? 
9) 9 99 3 99 4 9) 99 
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Let us gather again what these latter curves indicate. 

First. Even good beam with good metacentric height, unless 
combined with suitable freeboard, is no guarantee for either a 
good range or good levers of stability. This is proved by a com- 
parison of Curves Nos. 6 and 7 with Curve No. 3, and comparing 
also No. 17 with No. 5. These two latter are also identical 
vessels, with the exception of the freeboard, which is 1 foot 6 
inches in the former and 5 feet in the latter. The great differ- 
ence in the curves, which can only be attributed to the difference 
in the freeboard, is very apparent. 

Second. Increase in freeboard with undiminished metacentric 
height, increases not only the length of the levers, but the 
maximum lever in each case is at a greater angle of inclination, 
and the range of stability is lengthened out also. Curves Nos. 
6, 7, 8, 9, and 10, with their increasing freeboard, prove this, 
each of the first four in its turn approaching No. 3, until No. 
10, with the great freeboard of 8 feet, far surpasses it in both 
maximum levers of stability and range. 

It may be all very well to make the statement that freeboard 
has this and the other effect upon a vessel’s stability ; but some 
reader may be asking the question ‘“‘ How is it that freeboard is 
capable of producing such an effect?” An endeavour to explain 
this will be made by the aid of the following graphic illustration 
(Fig. 83). 

Figs. i. and ii. are the vessels in the table, Nos. 8 and 3 
respectively. They are similar to each other, except that i. has 
2 feet, and ii. 5 feet freeboard. Floating in the upright condi- 
tion they have exactly the same metacentric height, 2 feet. 
Let Fig. i. be heeled until the deck edge is down to the level 
of the water, as shown in Fig. ii, the angle of inclination 
being 10°. To find the lever of stability we must turn our 
attention to the centre of buoyancy. Let Fig. x. represent 
the buoyancy of the vessel, which corresponds in every respect 
to the immersed part of Fig. ii. The centre point in Fig. x. is 
B, and this is the centre of buoyancy. By transferring the 
position of B to Fig. iii., we see its position in relation to the 
centre of gravity. The distance between the vertical lines 
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through these points is the lever of stability, and since it inter- 
sects the centre line, O P, above the centre of gravity, it is a 
righting lever, Although the shape of the buoyancy has altered 
in form under the inclination, owing to the transference of the 
wedge of buoyancy shown by the hatched lines, to the other 
side of the vessel, indicated by a black wedge, yet its volume is 
unchanged. The centre of buoyancy, therefore, travels in the 
direction in which the buoyancy is transferred, just in the same 
manner as shifting a weight upon a lever, the distance in the 
case of the wedges being reckoned from centre to centre. 

Turning to Fig. ii. with the greater freeboard, on inclining this 
vessel to the same angle 10°, her deck edge is still considerably 
out of the water (Fig. iv.). However, in this condition her form 
of buoyancy is similar to Fig. iii., simply because the wedges of 
immersion and emersion are identical in shape. The centre of 
buoyancy, therefore, occupies the same position, and it follows 
that the lever of stability must be similar to that in Fig. iii. 

Let Fig. ii. be now heeled until its deck edge reaches the 
waterline, as shown in Fig. vi. The reasoning applied to Fig. iii. 
will apply in this case also—A wedge of buoyancy has been 
transferred from one side to the other, giving the form of 
buoyancy shown below the waterline, the centre of which is 
the centre of buoyancy, B. This point again shows the relation 
of the centre of buoyancy to the centre of gravity, and the 
lever of stability is found to have increased simply because a 
larger wedge has been transferred a distance of k to g (the centres 
of the wedges from each other). 

Fig. 1. at this angle of inclination shows a different state of 
affairs (see Fig. v.). There is certainly a wedge of emersion, but 
owing to the decreased freeboard, there cannot be a similar 
wedge of immersion. The dotted line indicates the boundary of 
the greater buoyancy of Fig. vi. Now, supposing Fig. v., when 
inclined, to float at the waterline WL with the wedge of 
emersion K, then there ought to be a wedge similar in volume 
immersed. But this cannot be, for the immersed wedge is 
deficient by the volume of the small wedge indicated by the 
hatched lines in the diagram. Now, the volume of the emerged 
part, of whatever shape, must equal the volume of the immersed 
part, and since the immersed wedge is deficient by the small 
wedge already referred to, this loss of buoyancy can only be 
regained by the vessel sinking to a deeper draught, thereby 
spreading the buoyancy of the lost wedge along the waterline, 
and thus causing the vessel to float at the new waterline wl. 
The black part in the figure shows the new immersed buoyancy. 
The important point is to find what effect this new immersed 
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buoyancy will have upon the lever of stability. The more 
buoyancy that can be placed towards the side to which the 
centre of buoyancy has already begun to move, the further will 
this point be brought towards that side. Owing to the lower 
freeboard the loss of the hatched wedge of buoyancy has robbed 
the vessel of a most effective agent in bringing out the centre of 
buoyancy from the centre of gravity, and by placing this lost 
buoyancy along the waterline, a further check is made upon the 
outward movement of the centre of buoyancy, and the tendency 
is to draw it back again; hence the decreased lever of stability, 
as compared with Fig. vi. Passing now to the conditions shown 
in Figs. vii. and viii., we find these vessels heeled to an angle of 
90°. The centre of buoyancy can easily be determined in these 
cases. For Fig. vii. it will be half the distance from the bottom 
(not the bottom of the figure, but the bottom of the ship) to the 
deck, which is ~~? 
6°3 feet, the result is an upsetting or capsizing lever of 0:3 foot. 
Fig. viii., however, has the advantage of the buoyancy afforded 
by the additional freeboard shown beyond the dotted line. 
This naturally tends to draw out the centre of buoyancy, and its 
a ee 75. 7:5 — 6:3 = 1-2 righting lever. 

The foregoing remarks, with a little study of the figures them- 
selves, will leave little doubt in the mind of the reader of the 
importance of freeboard as a factor in affecting stability. 

3. Effect of Position of Centre of Gravity.—Let us take 
our final illustration, and note the effect of obtaining metacentric 
height, not by means of increasing the beam, and thereby raising 
the metacentre, but by retaining the same beam and same posi- 
tion of metacentre, and lowering the centre of gravity. 

This may be done to a considerable extent in merchant 
steamers, in loading miscellaneous cargoes, by keeping the 
heavy weights low, but to a very much greater extent can it 
be done in yachts, where the centre of gravity can almost be 
placed wherever desired by means of permanent ballast, 

Curves Nos. 11, 12, 7, 13, and 14 are for vessels 100 feet long, 
20 feet broad, and 10 feet draught, with 1 foot 6 inches freeboard, 
the metacentre being, therefore, at the same height from the 
bottom of each vessel—viz., 8:3 feet. The only difference between 
them is in the height of the centre of gravity. 


For No. 11, the centre of gravity is taken at ‘25 foot below the metacentre. 


= 6 feet, and the centre of gravity being 
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The effect of this alteration in the position of the centre of 
gravity is shown by the curves. Sirst, at a particular draught, 
by every downward movement of the centre of gravity, thereby 
causing an increase in the metacentric height, both the levers 
and range of stability are lengthened. Second, each curve rises 
more steeply than its predecessor, indicating greater stiffness. 

We have already seen the effect of beam upon stability. 
Suppose 10 feet be added to the beam of a vessel identical in 
every respect with No. 14. The effect is to raise the metacentre, 
and give much greater metacentric height. But let the centre 
of gravity also be raised from 2°3 feet from the bottom of the 
vessel to 6°3 feet, the metacentric height being now 6:2 feet, the 
result is to give a vessel identical with No. 17. Nos. 14 and 17 
differ now practically in beam only. 

An error is sometimes made in a case like this, it being 
imagined that the broad vessel, even with the same metacentric 
height, is better than the narrow one of the same depth and 
freeboard. If the curves of these two vessels be compared, their 
stability is seen to be widely different, the narrow vessel pos- 
sessing more stability in every respect than the beamy one, 
except perhaps a little at the beginning of the curve. 

Now how does this happen? In the first place, the advantage 
of the increased metacentric height, which was obtained by the 
increased beam, was robbed from the vessel by raising the centre 
of gravity, and making the metacentric height similar in both 
cases. Perhaps some reader is still saying—Having made the 
metacentric height similar for both vessels, why are the curves 
not simtlar? This is just where the error is often made in 
depending upon the metacentric stability, which, as has been 
previously stated, is no guide for a vessel’s range of stability, 
but only for small argles of inclination. Up to 7° or 8° these 
curves are approximately the same. For greater angles of in- 
clination, we must turn our attention to the centre of buoyancy, 
and trace its movements in relation to the position of the ccntre 
of gravity. 

In A and B, Fig. 84, no levers of stability are seen, since the 
vessels float upright and are perfectly stable, with the centre of 
gravity, centre of buoyancy, and metacentre (the last not indi- 
cated) in the same vertical line, ab. In Figs. © and D the same 
vessels are inclined to angles of 45°. It is now seen that the 
levers of stability in this condition are very different, that for 
the smaller vessel being much the greater. Both the centre of 
buoyancy and the centre of gravity, though chiefly the latter, 
are accountable for this result. Turning our attention first to 
the centre of buoyancy, we find that, in both Figs. C and D, 
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Fic. 84.—CoMpARISON OF VESSELS WITH DIFFERENT BEAMS BUT SIMILAR 
MrTACENTRIC HEIGHTS, 
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owing to the small freeboard in each case, the deck edge has 
become immersed when inclined to a very small angle. This at 
once checks the outward movement of the centre of buoyancy, 
though Fig. C, owing to its smaller beam, has the advantage to 
some extent, since greater inclination would be needed to im- 
merse its deck edge than would be required for Fig. D. 

Turning now to the centre of gravity in each case, we find 
here the chief factor in producing the great difference in the 
stability levers. It is first noticed that their difference in posi- 
tion from the bottom of each vessel on the line a 6 is very great, 
although the metacentric heights in the upright condition are 
practically identical. In Fig. B it was easy to get a good meta- 
centric height, owing to the great beam, but in Fig. A the greatly 
reduced beam made it necessary to very much lower the centre 
of gravity, in order to get the same metacentric: height. Hence 
the difference in their positions. It will also be observed that 
the lower the position of the centre of gravity is on the line a4, 
the greater must be the righting lever of stability (a glance at the 
figures will show this clearly), and on the other hand, the higher 
the position of the centre of gravity on the same line, the smaller 
the lever. This, then, accounts to a great extent for the difference 
in the levers of stability. So that even on their beam ends, at 
angles of 90°, we still find the narrower vessel (Fig. E) with a 
large righting lever, while the broader one, F, has actually an 
upsetting lever. 

However, the case we have taken is certainly an extreme one 
for cargo or passenger vessels, for while in the broad vessel the 
position of the centre of gravity would very often be found high 
in comparison with the depth, in the narrow vessel, it would be 
impossible to load her and have the centre of gravity as low in 
comparison with the depth. Were the two vessels loaded in the 
same manner—that is, in relation to the vertical position of the 
weights of the cargo, the centre of gravity in both vessels 
occupying the same position from the bottom of the box 
—a vastly different result would arise. Let the centre of 
gravity of the narrow vessel be raised by the loading of cargo 
to the same position as in the broader one—viz., 6°3 feet from 
the bottom of the vessel. The dotted lines on the figures show 
the new vertical line through the centre of gravity of the narrow 
vessel, and curve No. 7 will show the whole range of stability. 
The tables are now turned against the narrow one, indicating 
much reduced stability. Hence the necessity of wisdom in 
loading, as in the latter case, the heavy weight of the cargo 
would have to be placed much lower in order to get anything 
approaching similar levers of stability for the two vessels. 
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But while the position of the centre of gravity at 2°3 feet 
from the bottom of the vessel for curve No. 14 is an exaggerated 
case for merchant vessels, it is by no means out of the way for 
sailing yachts, for in order to get great stiffness and long levers 
of stability, which are necessary to carry great sail area, especially 
with small beam, the method of bringing the centre of gravity 
very low by placing ballast either in the keel, or else as low as 
possible, has to be adopted. 

Before leaving this part of the subject of stability, the reader 
is again warned against jumping to the conclusion that even a 
combination of good beam, good freeboard, and good metacentric 
height will always produce satisfactory stability. This has 
already been shown by the several box vessels and their curves, 
and will further be emphasised by a glance at the curve of 
stability, Fig. 85, which is for a sailing ship in a light con- 
dition. She has 4] feet beam, 2:9 feet metacentric height, and 
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Inclination showing maximum lever of stability. 


Curve of stability for a sailing ship, 270 feet long, 41 feet beam, and 26 feet 3 inches 
depth, in a light condition, with about 112 tons of ballast on board. Metacentric height, 
2:9 feet. Centre of gravity, 204 feet above the top of the keel. Freeboard, 17} feet. 


Fig. 85. 


17} feet freeboard, the last of which is extremely great, and yet 
the curve of stability in this condition represents both short 
levers and very short range, this being attributable to the fact 
that, in the light condition, the heavy top weight of masts, 
spars, &c., brings the centre of gravity very high, and it has 
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already been pointed out that the higher the centre of gravity, 
the shorter are the levers of stability, and the sooner does the 
vertical line through the centre of buoyancy intersect the centre 
line of the ship below the centre of gravity, thereby creating a 
capsizing moment. The same vessel in her loaded condition, 
with only 53 feet freeboard and 3 feet metacentric height, would 
have both immensely greater levers, and greater range of stability, 
because then the centre of gravity is much lower in its position. 

In a box vessel, say, 20 feet deep, if the centre of gravity be 
at half the depth, the righting lever of stability must vanish at 
90° of inclination, whatever be the freeboard, since in this con- 
dition the centre of buoyancy and the centre of gravity are in 
the same vertical line. If the centre of gravity be higher than 
half the depth, the levers will be shorter and the range less also, 
but if the centre of gravity be lower than half the depth, then 
the levers will be longer, and the range will extend beyond 90° 
of inclination. Now, all actual ships are not of box form, though 
it is granted that in some cases it is somewhat difficult to draw 
that distinction. Of two vessels of similar beam and depth, the 
one with most buoyancy in the upper half of her depth, being 
therefore most fined away at the bilge and bottom, can afford 
to have the centre of gravity the higher, and the nearer the box 
section is approached, the lower must be the centre of gravity. 

The actual box ship is, therefore, the worst case, since it 
brings the centre of buoyancy into the lowest possible position ; 
and, on the other hand, the vessel fullest at the waterline, and 
well fined away below, has its centre of buoyancy in the highest 
possible position, in which position the longest levers and the 
greatest range of stability are produced, other features in the 
design being favourable. It is thus impossible to stipulate a 
particular position for the centre of gravity applicable to all 
ships. 

For a box-snaped vessel, if the centre of gravity is from about 
0:5 to 0°6 of the depth from the top of the keel, with fair meta- 
centric height, a fairly good range of stability may be expected, 
though the righting levers may be small under certain circum- 
stances. For vessels of finer underwater form greater stability 
would be developed, and when the centre of gravity is less than 
0:5 of the depth from the top of the keel, great stability may be 
anticipated. 

Effect of meabis Home.—In Fig. 86, let G be the centre 
of gravity, B the centre of buoyancy in the upright posi- 
tion, C DE the immersed wedge, and K the centre of the 
immersed wedge. 

The greater the distance from the original centre of buoyancy, 
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B, to the centre of buoyancy of the immersed wedge, K, as 
shown by the line P, the greater will be the effect in drawing 
the centre of buoyancy out from its original position. Let B’ 
be the new centre of buoyancy when inclined, and G Z the 
righting lever of stability. 

Now, supposing a piece of the shape of the black wedge be 
cut off from the vessel, let us observe the effect upon the 
stability. Owing to the loss of this buoyancy when inclined, 
compensation must be made by apparently drawing upon the 
reserve buoyancy, and taking a layer off all along the waterline 
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to the dotted line, simply because the wedge of immersion is 
now less than the wedge of emersion ; and they are equalised by 
adding a layer to the wedge of immersion at C D, anddeducting 
a layer from the wedge of emersion at W C. 

The centre of the immersed wedge, K, will have travelled 
towards the left of the figure, causing B’ to move in the same 
direction, and the layer of buoyancy along the waterline, W to O, 
will also have aided to produce this effect. 

GZ will now have become shortened, which means reduced 
righting moment of stability. 

Taking the case of a vessel of ship form, we can easily see the 
application of the above illustration. Instead of carrying the 
sides up perpendicularly they are usually curved in, as shown 
in Fig. 72. This is known as tumble home. A valuable piece 
of buoyancy is lost; in fact, the very part of the wedge which 
is most efficacious in drawing out the centre of buoyancy from 
the centre of gravity is cut away. Thus in vessels of low free- 
board, and especially if at the same time possessing narrow beam, 
the effect of much tumble home may be to assist in causing 
deficient stability in certain conditions. However, as it is not 
usual to give an ordinary mercantile vessel more than a few 
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inches of tumble home at the main deck, the effect is not serious 
in the ordinary types of modern broad beamed cargo steamers. 
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Curves of stability for a cargo steamer—Length, 480 ft. ; beam, 57 ft. ; depth, 40 ft. 
Curve No. 1, Light condition, metacentric height, 2°68 ft. 
: 2, Load “ +f 3°67 ,, 


Levers in feet. 


Scale in degrees. 


Curve for a steamer 410 ft. long, 50 ft. 6 ins. beam, 32 ft. depth. 

No. 1, Light condition, metacentric height (GM) = 11°06 ft. 

No. 2, Loaded with homogeneous cargo, 7 ft. 6 ins. freeboard, G M 1°85 ft. 
No. 3, Same as No. 2, with coal consumed. GM 1°58 ft. 


Note.—1 ft. in the scale of levers in this figure is equal to 2 ft. for No. 1 Curve. The 
levers are thus only half length on this diagram, 


Levers in feet. 


10° 20° 30° 40° Tt Go° 70° 5o* 20 
Scale in degrees. 
Curve for a vessel 360 ft. long, 45 ft. beam, 30 ft. 1 in. depth. Metacentric height 1°48 ft 


Fics. 87, 88, AND 89 ARE EXAMPLES OF ACTUAL SHIP CURVES. 
A point which is sometimes overlooked on the part of the 


owner or his representative in the design of a new vessel, is the 
value of sheer, That it adds to the appearance, gives valuable 
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rising power, and tends to prevent the shipping of water over 
the stem and stern, must be clear to everyone. 

But one of its best features is that it produces increased free- 
board, the use of which has already been discussed. 

Stability in different Types of Vessels.— As regards types 
of vessels best adapted to produce good stability when of suit- 
able dimensions, and the loading properly carried out, those 
with most freeboard must come first. 

Thus we have the awning decker, with its completely closed-in 
light superstructure between the main and awning decks, 
splendidly adapted for carrying passengers or light cargoes. 

Next comes the spar decker with a stronger superstructure, 
and adapted for carrying cargoes of greater density with smaller 
freeboard in comparison with the awning decker. 

Last, we have the strongest type of ship, the two or three 
decker. This is the best deadweight carrier, having least freeboard. 
Unfortunately, structural strength and stability are in no way 
related to each other, and thus, as statistics prove, especially the 
older types of these vessels, with their small beam to depth, and 
also small freeboard, have produced the most disastrous results, 
through lack of stability. A vessel which has found great favour 
among shipowners during late years, because of its special adap- 
tation for certain trades, is the raised quarter decker, which is 
simply a modification of the strong two or three deck type pre- 
viously referred to, and whose comparatively greater freeboard 
assists in producing more favourable stability. 


Note.—Awning- and spar-decked ships are equally as strong as three- 


peak ers in relation to the deadweight they carry at their respective load 
ines, 
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CHAPTER VI. (Section II.) 


ROLLING. 


ConTENTS.— Rolling in Still Water—Relation of Stiffness and Tenderness 
to Rapidity of Movements in Rolling—Resistances to Rolling—Danger 
of great Stiffness—Rolling among Waves—Lines of Action of Buoyancy 
and Gravity—A Raft, a Cylinder, and a Ship among Waves—Syn- 
chronism, how Produced and Destroyed — Effect of Loading upon 
Behaviour—Effect of Transverse Arrangement of Weights upon Kolling 
Motions—Alteration in Behaviour during a Voyage—The Metacentric 
Height—Fore and Aft Motions—Fore and Aft Arrangement of Weights. 


Rolling.—After the consideration already given to the subject 
of stability, we are now able to proceed further, and observe the 
relation between stability and rolling at sea, and what means 
can be adopted to reduce the latter to a minimum. 

Rolling is often spoken of as though it were a particular 
quality belonging to a ship. For instance, it is not uncommon 
to hear a ship described as a heavy roller; or another, as being 
very steady. A little investigation will show that it is not 
strictly correct to so characterise any vessel. At the same time, 
however, we shall see that the design of some vessels lends more 
encouragement to rolling than others; and, on the other hand, 
it is possible to a considerable extent to overrule even the 
influence of design, and make a vessel either steady, or specially 
inclined to heavy rolling, in spite of design. 

Let us briefly enumerate the points we have already studied, 
which will help us. 

First. If a vessel rolls under the influence of some external 
force, the power she possesses which brings her back to the up- 
right is her stability. 

Second. If a vessel has a great metacentric height, it follows 
that, at least for small angles of inchination, she possesses con- 
siderable righting moment, and the curve representing levers of 
stability will rise the more steeply the greater the metacentric 
height. Such a vessel is said to be stiff. 

Third. If the metacentric height is smal, the reverse of the 
previous case will be the consequence, the righting levers will 
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be small for small angles of inclination, and the curve of 
stability will rise slowly. 

The effect of metacentric height in relation to rolling is exactly 
the opposite to what one would at first imagine. The stiff sh p 
with great metacentric height offering great resistance to inclina- 
tion, is the very one which generally rolls most in a seaway ; 
and the tender vessel, with small metacentric height and small 
resistance to heeling, is usually the steady one. How comes 
this? We shall be better prepared to answer if we make a few 
mental experiments upon a vessel for ourselves. 

Rolling in Still Water.—Let us imagine a ship with large 

metacentric height and a fair range of stability to be lying in 
the dock. By means of some external force let the vessel be 
heeled over to, say, 10° of inclination, and held there. We 
know that the centre of buoyancy will have shifted into the 
centre of the new shape of displacement, and there is now 
created a lever between the vertical lines passing through the 
centre of gravity and the centre of buoyancy. It is, therefore, 
evident that the vessel possesses an amount of righting force 
exactly equal to the external heeling force required to so heel 
her, and by means of which, when the latter is removed, she 
will come to the upright. In this position the available right- 
ing moment will have disappeared, since the centre of gravity 
and the centre of buoyancy are again in the same vertical line. 
Moreover, the greater the metacentric height the greater the 
amount of available righting moment, and thus the more rapidly 
will she reach the upright position. 
~ Resistances to Rolling.—Let us now free our vessel lying at 
the angle of 10°. The result is, that in the space of a few seconds 
she has reached the upright. But does she remain there ! Not 
at all, for just as in the case of a pendulum in travelling from 
an angle of inclination to the vertical, an amount of energy of 
motion (kinetic energy) is accumulated, which carries her over to 
the other side, where again a righting lever is created acting in 
opposition to the last roll. Were there no resistance of any 
kind this process of rolling would be endless ; but experience 
shows us that after a series of rolls, the vessel will come to rest. 
This is brought about by the united action of several kinds of 
resistance. 

First. The friction of the air upon the exposed surface of the 
vessel. 

Second. The friction of the water upon the immersed surface. 

Third. Head resistance, caused by projections on the immersed 
surface. 

Fourth. Wave resistance. 
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As the great object is to get a safe and steady ship, let us see 
how far it les in our power to modify these resistances. 

Nothing can be done to increase the air friction, unless it be 
by means of sail, which will certainly tend to produce steadiness. 
It would be an easy matter to make a rough skin upon a vessel; 
but this would deduct so enormously from the speed, that it is 
preferred to get the smoothest surface possible. In the third 
case, however, a very great deal may be done to produce steadi- 
ness by fitting projections in the form of keels or bilge keels. 
The day of doubt as to the efficiency of this means is past. Not 
only are naval experts agreed, but the testimony of every seaman 
who has experienced the efficacy of bilge keels, especially when 
fitted upon vessels which had previously been without them, is 
unanimous as to their great value in reducing both the number 
and angles of roll, or oscillations. 

By an oscillation is meant a complete roll from port to star- 
board, and the time occupied to perform such oscillation is 
termed the period of oscillation. An example, taken from the 
experiments of the late Mr. Froude, upon the model of the war 
vessel “ Devastation,” will serve as an illustration in passing— 


Number of double 


Number and Description of _ |Oscillations before| Period of double 
Bilge Keels. Vessel was Oscillation in 
brought to rest. seconds. 

1. No bilge keels, 314 1°77 
2. One 21 inch bilge keel on each side, 123 19 

3 5 ) 36 29 9 ” 8 1°9 

4, Two36 fo 7 fe 53 1°92 
5. One 72 ne = 4 1°99 


In speaking of wave resistance, we do not refer to sea waves— 
for, as was formerly stated, the vessel upon which we are experi- 
menting is supposed to be lying in a dock—but to waves created 
by the vessel in her rolling movements in the water. Such 
might at first appear to be very trivial, but to create such waves, 
even though very small, means an immense expenditure of 
energy, and this, therefore, must be deducted from the total 
available energy, which incites the vessel to roll. The combined 
effect of these agencies is to diminish the angle of inclination, 
and, finally, to produce extinction. A noteworthy point to be 
observed, as shown by the above table, is that for moderate 
angles of inclination the period is approximately the same for 
‘the larger as for the smaller oscillations, Thus we see that it 


142 KNOW YOUR OWN SHIP. 


is great stability which conduces to rapidity of rolling motion, 
though not necessarily to great angles of inclination. 

Danger of great Stiffness.—The danger of very stiff vessels 
with good range of stability is, not that they will capsize, but by 
the severity of their movements that they will damage them- 
selves by straining the structure and causing leakage, or by 
shaking their masts overboard, not at all an unheard-of occur- 
rence, where broad-beamed sailing ships, owing to pure ignorance, 
have been ballasted in a manner producing enormous stiffness. 

On the other hand, the vessel with the small metacentric 
height, when forcibly inclined to the same angle of 10°, and then 
set free, returns to the upright much more slowly, having shorter 
righting levers, and, therefore, less stored energy. The energ 
of motion acquired in returning to the upright is less, and adding 
to this the resisting agents, it follows that the angles to which 
she rolls, and the number of oscillations before coming to rest, 
will be reduced. 

The nearer the immersed portion of any object approaches the 
shape of a circle, and the nearer the metacentre and the centre 
of gravity are together, the less power to regain the upright will 
it possess until we reach the minimum in the actual cylindrical 
type with the centre of gravity and the metacentre coincident. 
Vessels of this latter type possess no righting force at all, and 
thus, when inclined to an angle, they remain there, even though 
entirely free. A very small external force, therefore, will heel 
them, and turn the underside uppermost altogether. 

Rolling among Waves.—Now the question arises, since the 
motion of rolling is so governable, is it better to have the steady 
type of ship with small metacentric height, or the stiff one with 
great metacentric height? But this we shall better answer if we 
first briefly consider her more complicated motions among waves, 
as thus far our considerations have dealt exclusively with vessels 
in still water. Here, however, peculiarities arise, and although 
the principles deduced from forced rolling in still water still 
hold good to a great extent, we shall find our ship behaving very 
differently at times from what we should imagine if we depended 
solely upon our knowledge of rolling in still water. In the first 
place, it is scarcely necessary to inform any reader who has ever 
noticed a piece of wood floating in the sea among unbroken waves, 
that it is not the mass of water composing the waves which 
moves onward, but the form only. A slight forward and back- 
ward motion of the floating object shows that the only move- 
ment of the wave water is slightly forwards and backwards. 
At a comparatively small distance below the surface of the water 
there is apparently no motion whatever. An old, though not 
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strictly correct, illustration is that of wind blowing over a field 
of corn, causing a waving motion as the heads incline with the 
gusts of wind, and then rise again. 

faft.—As a complex form like a ship is a form more difficult 
to deal with than that of a flat floating piece of wood, let us 
examine, first, the behaviour of a small raft. In smooth water 
we know that owing to its great stiffness its oscillations are 
exceedingly rapid and its period very short, and that a condition 
of rest is soon obtained. 

We have also noticed that when among wave water (Fig. 90) 
its deck is always parallel, and the mast perpendicular to the 
surface of that part of the wave upon which it is floating. It is 
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Fic. 90.—BEHAVIOUR OF A SMALL RAFT AMONG WAVES, 


therefore upright on the summit and in the trough of each wave, 
and its greatest angle of inclination is at about half the height of 
the wave where the slope is greatest. In this case the raft, 
being very small, behaves practically as though it were actually 
a particle of the surface wave water. Such agreement becomes 
less and less as the beam increases relatively to the length of 
wave, as it can no longer lie flat on the surface, or have the 
greatest angle of inclination where the wave slope is greatest, 
until at last, where exceptionally large beams are reached, as in 
the Czar of Russia’s yacht ‘“ Livadia” (153 feet), the vessel no 
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Fic. 91.— BEHAVIOUR OF A LARGE RAFT AMONG WAVES. 


longer takes of the motion of a small raft at all, but maintains 
a comparatively horizontal deck, as in Fig. 91. 

The longer the waves are in comparison with the breadth of 
such a vessel, the greater inclination she would reach in 
endeavouring to follow the angle of the wave surface. But in 
a short sea she would be practically steady. 

Cylinder.—Let us take as another example a vessel of the 
cylindrical type. 
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In Fig. 92 we see the object as it would float in smooth 
water. Being of wood, and of equal density throughout, the 
centre of gravity is in the centre, as is also the metacentre. 

The centre of buoyancy is in the same vertical line through 
this point, and the object floats at rest, as it will do at any 
angle of heel, since it never has any stability; a state which can 
only exist when there is no righting lever, the vertical lines 
through the centre of gravity and the centre of buoyancy always 
coinciding. 

In Fig. 93 we see the same object among waves, and on a 
wave-slope. Let us examine its condition now. 

From observation every reader knows that no revolving or 
heeling motion occurs. The line ad remains vertical, and the 


Fic. 92.—BEHAVIOUR OF A Fia. 93.—BEHAVIOUR OF A CYLINDRICAL 
CYLINDRICAL VESSEL IN VESSEL AMONG WAVES. 
SmootH WATER. 


waterline varies from RS, when floating in still water, or on the 
crest, or in the trough of the wave, to X Y, the greatest wave- 
slope. But on examining the object on the wave-slope, it is 
found that the centre of buoyancy has shifted into the centre of 
the immersed part. If we drop a vertical line through the centre 
of gravity and through the centre of buoyancy, we see that these 
points are no longer in the same vertical line, but that a distance 
exists between them. If this distance represents the length of 
the lever of stability, the vessel cannot remain in this condition 
without making some effort to bring the centre of buoyancy and 
the centre of gravity into the same vertical line, which effort 
must incline the vessel more or less. But observation proves 
that such is not the case, for the object makes no movement to 
the one side or the other, the only interpretation of such 
behaviour being that no lever whatever exists, and that the 
downward force of the weight of the ship and the upward foree 
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of buoyancy are evidently being subject to other forces causing 
them to act differently from the manner in which we have been 
accustomed to consider them in still water. It is just on this 
point where many of those, whose knowledge of the subject of 
stability, &c., is very limited, are apt to come to a wrong con- 
clusion regarding the behaviour of ships among waves. 

It is this apparently contradictory behaviour of ships which 
has given rise to so many theories on the subject. But it was 
not until the late Mr. Froude brought forward the now generally 
accepted wave theory that so much light has been thrown upon 
the subject. To discuss at length the theory of deep sea waves 
would form a volume in itself, and therefore lies outside the aim 
of a book such as this. Those wishing to pursue this branch 
of the subject can find ample information in the volumes of 
the Institute of Naval Architects, and also in the admirable 
works mentioned in the preface. We can, however, make a few 
brief observations, borrowing from the theory mentioned, such 
principles as may be of assistance to men of practical experience 
at sea, the class of men which it is the chief aim of this work to 
assist. 

A feather in the air would fall in a straight line to the 
earth if there were no wind, owing to gravitation. Such 
fall, however, is always more or less over-ruled by the force of 
the wind when wind is blowing. Again, an iron plumb ball 
suspended from a cord, would hang vertically, if undisturbed, 
owing to the downward attraction of gravitation. On approach- 
ing it with a magnet sufficiently close to produce induced mag- 
netism, gravitation is interfered with, and the iron ball seeks to 
follow the magnet. ‘These instances are related simply to show 
that under certain circumstances the power of gravitation (such 
as causes the weight of a ship to act through its centre of gravity 
in a vertical line) can be over-governed by the introduction of 
other forces. Thus in waves we have what is termed centrifugal 
force, which, acting along with the gravitation force, gives a 
resultant force approximately perpendicular to the wave surface. 
(Before proceeding further, see noée, p. 153.) Turning to Fig. 
93, we can now better understand how it happens that no 
righting lever was set up, the reason simply being that the 
lines of action through the centres of buoyancy and gravity 
coincided, as shown by the arrowed line. 

In dealing with a cylinder of no stability, we must not forget 
that the least external effect of wind or water washing over 
it might make it revolve; the only resistance offered to this 
would be the friction of the water on its immersed surface. In 
the instance we took as an example, we considered it as not 
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affected by any external force, but simply under the influence of 
the unbroken wave water. Nowa modern ship is neither like 
a raft nor acylinder, yet it includes in some measure the quali- 
ties of both, and may approach either in behaviour. 

Ship.—Let us continue our experiment, and, placing an actual 
ship among waves, watch her behaviour (Fig. 94). If she is 
very stiff indeed—that is, has great metacentric height, with her 
still-water rolling period less than half that of the waves she is 
among she will act very similarly to the raft, which makes 
two complete rolls on a single wave. Supposing her to be 
floating in the upright position, immediately the base of the 
wave reaches her, she will at once seek to keep her masts per- 
pendicular to the wave surface. As the wave passes under her, 
she will reach, or approximately reach, her greatest angle of 


Deck almost: parallel to wave- 
slope, with lines of action through 
G and B practically coincident. 
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inclination on the steepest part of the wave-slope ; she will be 
upright at the summit, and again upright in the trough. She 
will, therefore, make two complete rolls in passing a complete 
wave (summit to summit). Her greatest angle will always occur 
approximately where the wayve-slope is steepest. So that the 
danger in such a ship would lie not in capsizing, for she scarcely 
ever expends any of her stability, but owing to the rapidity of 
her movements, to shift the cargo, or strain her structure. 

Synchronism.—But let us suppose that our vessel is tender, 
possessing a small metacentric height and long rolling period. 
When the wave reaches her and passes underneath, she will 
endeavour, as did the other ship, to rear herself perpendicularly 
to the wave surface. But we observed in our remarks upon 
rolling in still water that she moves slowly, and so she cannot 
keep up with the rapid motion of the wave and falls behind. 
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Thus, by the time the steepest part of the wave is under her, 
she is still at a considerable distance from that angle. Immedi- 
ately that point is passed, the less inclination of the wave, as the 
summit is approached, checks the heeling influence, and ut the 
summit the tendency is to bring her to the upright again. 
However, here she is yet lagging behind the wave, having still 
some inclination. When the other slope of the wave is reached 
she has possibly just reached the upright, and, before she can 
heel far under its inclining influence to the other side, the 
trough is reached, where the tendency is to bring her to the 
upright. We see then, that by her slower movements, she lags 
behind the wave, and never reaches the angle of the greatest 
wave-slope, and at the summit and the trough is generally 
still inclined, not having reached the upright. Taking two 
such ships upon a single wave, the stiff vessel with the great 
metacentric height will always reach greater angles of inclina- 
tion than the tender one with the small metacentric height, 
simply because, as we have shown, the stiff ship can better 
follow the angle of the wave; while the tender one of slower 
motion cannot reach the greatest angle of the wave on the one 
side of the slope, while, after the wave has passed beneath her, 
the other slope tends to push her back, and heel her to the 
opposite side. But, although the passage of the first wave may 
not have the effect of producing any great angle of inclination, 
owing to the usually slower movement of the ship in comparison 
with the speed of the waves, or more properly speaking, the 
longer double roll period to the wave period, it must be clear 
that a time may come when a ship may reach her greatest 
angle of inclination when the greatest angle of wave-slope 
reaches her. The result will then be, that a comparatively 
sudden additional impulse is given to the heeling of the vessel, 
and she will take an extraordinary, and what seamen have often 
called an unaccountable, lurch. Such a condition of waves and 
ship reaching their greatest angle of inclination at the same 
moment at regular intervals, is termed synchronising, or in other 
words, keeping tume, and the effect is to produce considerably 
greater angles of inclination in the ship than the steepest wave- 
slope. ‘The worst case is that where the period of a ship’s single 
roll is half that of the wave period, as under such circumstances 
the impulse is given on each wave, and excessive rolling is 
naturally set up. This can be further illustrated by a simple 
pendulum (Fig. 95). 

Let us imagine that the pendulum has just swung out to 
almost its greatest angle of inclination in the direction of the 
arrow. Suppose it receive a sudden impulse on the side B, it 
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will naturally be checked, and commence its return to the 

vertical position. But suppose, on the other hand, the impulse 

had been given on the side A, at the moment the pendulum 

reaches its greatest angle, when there is neither return nor out- 

ward motion. The result is that a slight 

impulse will considerably increase the 

extent of its outward movement, and 

produce a greater angle from the vertical. 

This is exactly what happens with a 

vessel whose period of roll synchronizes 

with the wave period; if a sudden im- 

6 \A pulse be given near the extremity of her 

ei, as outward motion, a considerable augment- 

; . ing of the angle of heel will result. The 

E "hx Peet eas oF effect is bad enough when the synchronism 

SwINGING PENDULUM. Occurs periodically—that is, with a series 

of waves-—but when it happens on every 

oscillation, the effect is still more excessive, and the motion 

experienced by the vessel is rapid and jerky, with the greater 

probability of producing dangerous results. Stiff vessels with 

quick periods of about four to six seconds, would be the most 

likely to develop such behaviour. Vessels of longer or shorter 
periods may destroy synchronism altogether in most cases. — 

Were all sea waves of the same length, period, and height, it 
would be quite possible to design a warship or a yacht, whose 
equipped conditions are of an unvarying nature, to give a 
rolling period in still water which would produce great steadiness 
among waves. 

But sea waves, at different times and places, vary greatly in 
length, period, height, and character. Atlantic storm waves 
reach 500 feet and over in length from crest to crest, with 
periods of 9, 10, or 11 seconds, and heights of 28 feet and over, 
while in other localities the length may not be more than 
200 or 300 feet, with varying periods of 6 to 8 seconds, and 
height of about 12 feet. 

Effect of Loading on Behaviour.—As waves, therefore, vary, 
according to the locality, the force of the wind, &c., it must be 
fairly clear that to design either a warship or a yacht to behave 
always in the same manner among waves is impossible, for 
although it is not likely that vessels with long rolling periods 
will be subject to heavy rolling, yet it is most probable that at 
some time they may fall in with waves which synchronize with 
their own period, and this inevitably produces heavy rolling. 
With merchant steamers the difficulty to produce steadiness is 
more marked than in any other case. Jn the first place, there is 
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the difficulty, especially in coasting vessels, whose loading has 
to be rapidly conducted, with pcssibly part of the cargo arriving 
just before they sail, of obtaining a certain metacentric height 
which is known to have produced steadiness on a former occasion ; 
or, if the metacentric height is the same, considerable difference 
may have taken place in the positions of the weights of the cargo, 
not vertically, but out on each side from the centre line of the 
ship. 

This brings us to another very important point. While small 
metacentric height conduces to steadiness, the error must not be 
fallen into that this mode of procedure can always be carried out. 
So long as the levers of stability at considerable angles be good, 
and the range satisfactory, such a method is all very well. But 
in tender vessels with short levers and short range, as seen by 
Curves Nos. 11, 12, 6, and 7, Fig. 82, such a method is extremely 
dangerous, for should synchronism be set up, they may take an 
excessive roll and capsize altogether, so that it is evident some 
vessels need more metacentric height than others, in order to 
ensure safety, even though it produces more lively motions among 
waves.* 

Effect of Transverse Arrangement of Weight on Rolling 
Motion.—A safe method which can be adopted to assist in 
producing steadiness in such a case, is to wing out the heavy 
weights of the cargo, on each side of the vessel, without altering 
their position vertically. Such an arrangement of cargo will 
have a steadying effect upon lively transverse motions, and, on 
the other hand, concentrating the weights in the middle line of 
the vessel would tend to increase the rapidity of the transverse 
rolling.7 

Alteration in Behaviour during a Voyage.—In ocean 
ships, whose loading is possibly not so hurried, or at any rate 
the nature of whose cargo is often understood beforehand, 
because it is all or nearly all alongside before commencing to 
load, it is certainly possible to so carry out this method when 
a knowledge of a ship’s stability is understood, as to closely 
approximate to a particular metacentric height, and moreover 
to arrange the weights so as to be best fitted for steadiness. 


*It may here be noted that it is utterly impossible to specify a meta- 
centric height adapted to all vessels, [For vessels in the Royal Navy, it 
varies from 1 foot to 12 feet. In steam yachts 2°5 feet is probably an 
average ; in sailing ships 2 to 4 feet is common, and in passenger and cargo 
steamers it ranges from about 0°5 to about 3 feet. Shipbuilders with their 
wide experience of the various types of vessels are undoubtedly most capab'e 
of suggesting the best metacentric height for any particular condition of 
loading, The foregoing metacentric heights are only for loaded conditions, 

tSee Appendia. 
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Supposing we have secured a certain metacentric height which 
has produced great steadiness even in a heavy sea, it is some- 
times found that this same vessel in a long, low ground swell of 
greater period, labours in a most extraordinary manner. Such 
is not an unknown experience to seamen, and the cause is simply 
due to the fact that the vessel has now fallen in with waves 
which synchronize with her own period. An imstance bearing 
on this point was related to the author by a captain. Coming 
from the Mediterranean with a light cargo, he encountered 
heavy weather. His ship was naturally tender, and behaved 
splendidly for some time, but on approaching the Bay of Biscay, 
a long heavy swell set in, and the ship began to roll so heavily, 
especially at periodie intervals, that he imagined she would 
capsize altogether. He immediately set to work and filled one 
of the water ballast tanks, with the result that the vessel com- 
pletely altered in her behaviour, and again regained comparative 
steadiness. The ship had evidently fallen in with waves which 
synchronized with her own period, and caused the heavy rolling, 
but by filling a ballast tank the metacentric height was increased 
and the ship’s period altered. Then, there being no longer 
synchronism, she steadied. Every seaman naturally learns from 
experience that where heavy rolling is suddenly set up, it can 
be modified by an alteration in the course or the speed. The 
reason is not far to seek. If the synchronism is produced by a 
beam sea, by changing the course more towards the waves, the 
‘apparent wave period is decreased, the crests being now passed 
~more rapidly. By taking a course in an oblique direction, away 
from the direction at right angles to the waves, the wave period 
is increased, and in any other sea than one direct abeam, an 
increase in the speed without altering the course will decrease 
the wave period Thus synchronism can be prevented either by 
altering the course or speed, and thereby altering the apparent 
period of the waves, or by altering the period of the ship through 
shifting weights in the ship. 

Synchronism is not always produced by a beam sea, for the 
sea coming in an oblique direction may cause the vessel’s period 
to synchronize with the wave period, when no such result would 
have happened with a beam sea, and therefore such large angles 
of roll could not have been experienced. How to obviate this 
has just been mentioned—by changing the course, or speed. To 
attempt to alter the ship’s period by filling the water ballast 
tanks when rolling heavily is by no means a safe experiment, for 
the moment of the free water dashing from side to side before 
the tank is filled, may add to the angle of heel, instead of 

‘reducing it. We must now be able to see that great stability is 
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not the best condition for a ship, for it will either make her 
movements exceedingly rapid, following, as in the case of the 
raft, the wave-slope, or, if not so stiff, tending to produce 
synchronism, with consequent heavy rolling. 

The Metacentric Height.—The best vessel is undoubtedly 
the one with moderate metacentric height, good levers of stability 
at considerable angles of inclination, and good range. She 
_ will probably thus be slow in her period, easy in her move- 
ments, and when not subject to synchronism (which she is less 
likely to be) will be comparatively steady among waves. 

To secure steadiness at the cost of small metacentric height, 
with short levers and range of stability, would only make disaster 
more probable. This is the very reason why a ship’s officer 
should possess stability curves of his vessel in the various con- 
ditions under which she is likely to proceed at sea, from which 
he will undoubtedly be more able to intelligently manceuvre the 
condition of his ship in order to produce seaworthiness, 

Could we imagine a vessel rolling among waves unresistedly 
(that is, without being subject to resistance from wind, immersed 
surface, or keel resistance of any sort), whose own period syn- 
chronized with that of the waves, the effect would be that the 
continued impulses given by the synchronizing waves would 
eventually capsize her, whatever might be her stability, just as 
a child’s swing pushed synchronically would at last overset. 
These resistances have the same effect among wave water as 
when rolling in still water. There is one important point, how- 
ever, to be observed, and that is, the more rapid the motions of 
the vessel the more resistance is offered. And thus, upon a 
vessel whose period synchronizes with the wave period, when 
she begins to attain large angles of heel and great rapidity of 
motion, the various resistances grow in proportion until a point 
may be reached where the effect of these resistances is just 
sufficient to prevent greater oscillation being attained, and cap- 
sizing is also averted. Thus, where synchronism produces great 
angles of oscillation, it does not follow that the ship will capsize, 
except in unusual cases where the range of stability is very short. 

The great and important value of bilge keels in offering resist- 
ance and reducing rolling, has already been shown from Mr. 
Froude’s experiments. These will produce good results upon 
large ships, but the effect is still more apparent upon small 
vessels of quick period. 

Fore and Aft Motions.—Thus far our remarks have been 
confined entirely to transverse stability and behaviour relatively 
to transverse motions at sea, simply because that it is in these 
directions that danger is most likely to occur, Could we heel 
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our ship in every possible way it would be found that she 
possessed least stiffness or stability when inclined transversely 
than in any other direction, and that her transverse metacentric 
height is the smallest possible. Thus, on heeling in any skew 
direction, more stability is developed, and most of all when 
inclined longitudinally (pitching). In ordinary types of vessels 
it is, therefore, only possible for them to capsize transversely, 
unless it happens that, through damage and the admission of 
water, the loss of buoyancy at either end is so great as to cause 
the vessel to go down by head or stern, as the case may be. 

This explains why it is only necessary to be provided with 
curves of transverse stability, and to be thoroughly aware of the 
vessel’s condition in this respect. The greatness of longitudinal 
metacentric height will be obvious when it is observed that the 
moment of inertia of the waterline about a transverse axis must 
be immensely increased beyond that for a longitudinal axis, 
simply because what was formerly considered as beam in the 
formula for the transverse metacentre becomes length, and the 
length becomes beam. 

The principles which govern transverse behaviour apply in a 
similar manner when considering the longitudinal motions of a 
ship, though here again the design may exercise much influence 
in the production of objectionable qualities in behaviour. For 
example, take an ill-designed vessel considerably full on the load 
waterline aft, but fined away forward with sides almost vertical 
to the gunwale. Such a vessel will be admirably adapted for 
diving into the sea and shipping huge volumes of water on her 
deck, with her stern probably high and dry. However, it must 
not by any means be inferred that the load waterline forward 
should be bluff or even identical with the after end, but certainly 
where any degree of comfort is desired, there should be some 
reasonable approach to equality. A vessel, very fine under 
water, may be considerably improved by giving her reasonable 
flam * or flare above the waterline, the additional buoyancy pro- 
duced by which forms a valuable check upon diving. 

But we have also noticed that winging out the weights trans- 
versely from the centre line produces slower rolling motion, that 
concentrating them on the centre line creates greater liveliness, 
and, moreover, that the latter result 1s always produced by a 
large metacentric height, and steadiness by a moderate meta- 
centric height. . 

Fore and Aft Arrangement of Weights.— With the enor- 


* By flam is meant exactly the opposite to “ tumble home.” It is most 
noticeable at the bow of a ship, where her sides slant outwards, greatly 
increasing her beam above the load waterline. 
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mous longitudinal metacentric height—that is to say, length 
metacentric height, not beam metacentric height—possessed by 
most vessels, it is impossible to make any visible effect upon 
the longitudinal motions through this agent, for even were it 
possible to reduce or increase it by a few feet, the comparative 
difference would be exceedingly slight. Moreover, such altera- 
tion in the position of the centre of gravity might seriously 
imperil the safety of the vessel transversely. Thus, the only 
alternative is to influence longitudinal motion by a proper adjust- 
ment of the heavy weights of the cargo in a fore and aft direction. 
If liveliness is required—that is, quick rising motion—they should 
be stowed nearest to midships ; if aslower movement is required 
they should be spread out longitudinally (that is to say, more 
fore and aft). But it must not be forgotten that placing heavy 
weights at the extremities of a vessel has the tendency to exces- 
sively strain the structure when subject to the varying support 
of wave water, and also to some extent when lying at rest in 
still water. 


NVote,—At an earlier stage we have shown that where the water surface 
is horizontal, the water pressures act in upward vertical lines. This is as 
true for the smooth surface of the vast ocean as for the water in a bucket. 
And even when waves have been created, the upward pressures from the 
ocean depths are in nowise changed. But on coming to the actual waves 
themselves (which are only surface disturbances extending to a very small 
depth as compared with the depth of the ocean) we find that the water 
pressures are now exerted in lines of action approximately perpendicular 
to the wave surface. 
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CHAPTER VI. (Szcrion IIT.) 
BALLASTING. 


Conrents.—Similar Metacentric Heights at Different Draughts—Wind 
Pressure—Amount and Arrangement of Ballast—Means to Prevent 
Shifting of Ballast—Water Ballast. 


Ballasting.—The number of losses and disasters happening 
annually, not only to old, but often to fine new ships when in 
ballast, abundantly proves that something is wrong. This is 
all the more manifest from the random way in which ballast is 
often thrown into a ship. One man considers 400 tons sufficient, 
and another, 800 tons for the same ship, and all pitched into the 
hold. Both cannot be right, since both methods cannot produce 
similar results. One is either dangerously stiff, conducing to 
heavy rolling and tending to shift the ballast, or the other is too 
tender with too small righting moments. 

Before ballasting can be intelligently carried out, it is neces- 
sary that a few important facts be kept in mind. 

1. That metacentric height alone is no guarantee for a vessel’s 
stability. 

2. That freeboard alone is no safeguard. 

3. That although a certain metacentric height on one occasion 
may be very good for a vessel at a particular draught, the same 
metacentric height would be unsafe at a different draught, and, 
even if it were possible to get the same lengths of righting levers 
at a certain angle of inclination at light and load draughts, the 
righting moments in each case would be immensely different. 

Similar Metacentric Heights at Different Draughts.— 
Reference to Curves Nos. 5 and 18 (Fig. 82) will considerably 
help in illustrating these points. Curve 5 is for a box 
vessel 100 feet long, 30 feet broad, 10 feet draught, and 5 feet 
freeboard in the load condition, with a metacentric height of 6:2 
feet, the centre of gravity being 6:3 feet from the bottom of the 
box. Curve 18 is for a box vessel 100 feet long, 30 feet broad, 
4. feet draught, and 16 feet freeboard in the light condition, with 
a metacentric height of 6-2 feet, the centre of gravity being 145 
feet from the bottom of the box. 

Taking metacentric height and freeboard as the only guides, 
the latter vessel should have by far the greatest stability. 
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A comparison of the curves contradicts such a conclusion, and 
shows that the higher the centre of gravity is with a certain 
metacentric height and freeboard, the smaller will the angle be 
at which the vertical line through the centre of buoyancy inter- 
sects the centre line of the ship below the centre of gravity, 
hence the increased range of Curve No. 5. Fig. 85 is the 
stability curve for a sailing barque in the light condition, with 
112 tons of ballast aboard. The length is 270 feet, the breadth 
41 feet, and the freeboard 173 feet, with a metacentric height of 
2°9 feet and a displacement of 1,390 tons. The maximum lever 
of stability is 0°69 at 18° of inclination, and the righting moment 
1,390 x 0°69 = 959 foot-tons. Moreover, the stability vanishes 
altogether at the comparatively small angle of 34°. 

Wind Pressure.—Both the maximum lever and range are 
exceedingly small for a heavily-rigged vessel with large sail 
area, and the effect of a sudden squall of wind with much sail 
set is easily perceived. In the loaded condition, however, with 
only 53 feet freeboard, 4,000 tons displacement, and a much 
lower centre of gravity with the same metacentric height, this 
same vessel would have longer levers and much greater moment, 
as well as greater range of stability. 

Amount and Arrangement of Ballast.—Now let us take a 
practical view of the process of ballasting a ship, and suppose 
that as master we are told by the naval architect or shipbuilder 
that a metacentric height of 3 feet in the loaded condition, which 
gives a displacement of 4,000 tons, will put our ship in an 
excellently seaworthy condition. 

In the light condition, however, by placing 500 tons of ballast 
in the hold, the same metacentric height is secured with a total 
displacement of 2,000 tons. 

Heeled to an angle of 10°, the righting lever will be— 


GM x sine of angle = 3 x 0:1736 = 0:52 foot. 


As regards length of lever at this angle of inclination, the 
vessels are practically identical at both these draughts. The 
righting moment, however, is lever multiplied by displace- 
ment. Thus, at the load draught the righting moment is 
0°52 x 4,000 = 2,080 foot-tons; at the light draught the 
righting moment is 0:52 x 2,000 = 1,040 foot-tons—only one- 
half the loaded righting moment. It is clear, then, that with 
equal sail area and equal wind pressure, the vessel in the light 
condition would heel to a much greater angle than in the load 
condition ; moreover, the effect of a sudden squall of wind will 
produce about double the angle of inclination which would other- 
wise be reached in steady heeling. There is always greatest 
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motion at and near the surface of wave water, so that the lighter 
the vessel, the more on the surface she will float and be subject 
to the influence of waves and wind. Possessing great stiffness 
under such conditions, the more excessive will be the rolling. 
Righting lever alone, then, does not provide righting moment, 
but lever multiplied by displacement. To get moment without 
excessive metacentric height, there is no alternative but to con- 
siderably immerse the vessel in order to get displacement. 

Understanding this, we proceed to put ballast into our vessel. 
Supposing the ballast to be sand, it would probably be found 
that if it were all poured into the bottom of the hold, by the 
time the ship was sufficiently immersed excessive stiffness would 
be set up. 

This method, therefore, cannot be adopted. We know that to 
reduce metacentric height, low weights must be raised so as to 
lessen the distance between the metacentre and the centre 
of gravity. Part of the ballast, therefore, would require to be 
carried in the ‘tween decks. But here, again, a difficulty arises 
in many cases, where a vessel with good beam, and a depth 
to require two tiers of beams instead of having a laid deck on 
the lower tier, this lower tier is made extra strong and the 
beams are widely spaced, making it impossible to carry ballast 
higher than the hold. What is to be done 2 Very often nothing 
is done, and only one of two conclusions can be arrived at, 
either the expense of making provision for efficient ballasting is 
considered too much for some owners whose vessels are amply 
covered by insurance, or else out of pure ignorance of the mode 
of ballasting to ensure safety, this subject receives no considera- 
tion. One thing which could be done under such circumstances 
to produce excellent results, would be to build two tanks at the 
middle of the length of the vessel, one on each side, between the 
hold beams and upper deck beams, to contain, say, about 50 tons 
each, or, altogether, 100 tons. Hach tank would, therefore, 
require to be about 30 feet long, 8} feet broad, and 7 feet deep. 
Especially if the ship were fitted with water ballast tanks in 
the bottom, the size of these upper tanks could be fixed to a 
nicety ; but in any case, the shipbuilder could supply the in- 
formation as to the exact amount of hold ballast to be used. 

This would reduce the stiffness by raising the centre of gravity, 
but furthermore, having these weights “winged” out to the 
ship’s sides, would still more conduce to steadiness. The appli- 
cation is, therefore, twofold. 

This methcd entails the expense of the plating, additional 
beams, and pillars for supporting the tanks. Expense is always 
objectionable, but there is the choice between possible and pro- 
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bable loss of life through ignorance or carelessness in ballasting, 
not to mention the ship; and the comparatively small additional 
cost upon the vessel while building. When loading cargo, and 
these ballast tanks are not required, the space could conveniently 
be used for cargo also, if a hatch be made on the deck above them. 

The saine idea could be carried out by constructing these 
ballast spaces of wood battens, instead of iron plating, and using 
earth or sand ballast. The former method is, however, preferable, 
and economical, since the water could be run out by means of a 
cock on the ship’s side. 

Means to Prevent Shifting of Ballast.—The other great 
point in ballasting ships is to see that the ballast is secured so as 
to render the likelihood of disaster from shifting impossible. 
If it be water ballast confined in a tank, it is all right if the 
tanks are full, for it must be remembered, as will be pointed out 
in the remarks upon “water in the interior of a vessel,” free 
water may create a list if the vessel is inclined to be tender. 
But supposing the ballast to be sand in the hold, great; precaution 
should be taken to make it immovable as far as possible. The 
value of shifting boards as applied to cargo apples equally to 
this also, for, after all, ballasting is just a form of loading. 

Another method sometimes adopted is to cover the surface of 
the ballast with boards and shore them down. This is all well 
enough if the covering and shoring is thoroughly carried out, 
rendering no possibility of any ballast shifting, or finding its way 
between the boards or uncovered spaces, for where such is pos- 
sible the precaution is useless, as the ballast will all the more 
readily and easily relieve itself from its confinement. 

Water Ballast.—Probably most cargo steamers in these days 
are fitted with some means of carrying water as ballast, simply 
because, with steam power always at hand, they can most con- 
veniently and economically be filled or emptied as required. 
Water ballast may be carried in double bottoms, fore and after 
peaks, or in deep tanks. The last of these methods, when situ- 
ated near midships, seems the most preferable in producing the 
best results, for not only does weight so stored form a check 
upon diving, by making the vessel more lively longitudinally, 
but it can be better designed to give suitable metacentric height 
in the light condition. The disadvantage of large fore and after 
peak tanks is that owing to the fineness of the ends of the vessel 
they are almost unsupported, and act as hanging weights along 
a lever, causing severe straining, which is more excessive in the 
light condition than in any other. 

The commonest system in steamers is that of carrying water 
ballast in double bottoms, which may be partial or continuous 
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SCALE OF DEGREES. 


Curves of stability for a steamer. Length, 302 feet; beam, 49 feet 6 inches; depth 
mild., 24 feet 11 inches. Load displacement, 5,183 tons. Freeboard, loaded condition 
¥ = 4 feet 10} inches. 
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Curves of stability for a steamer. Length, 360 feet; beam, 48 feet; depth mld., 


4 pert 8inches. Load displacement, 8,050 tons. Freeboard, loaded condition F = 5 feet 
inches. 
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all fore and aft, and subdivided into several compartments. 
Here again, regardless of the relation between such an immense 
weight placed so low down in the ship, and the design of the 
vessel, these tanks are often filled when the vessel is light or 
almost light, with the consequent result very often that exces- 
sive metacentric height is developed, and the vessel rolls most 
violently, in some cases even loosening deck fittings, not to 
mention the extreme discomfort to all on board. A ship’s 
officer, therefore, should thoroughly understand the nature of 
his vessel's stability with and without the ballast tanks filled. 
Figs. 96 and 97, which are curves for actual ships, will serve 
as references in illustrating the effect of filling ballast tanks, ce. 


LOADING—-HOMOGENEOUS CARGOES. 16] 


| CHAPTER VI. (Section IV.) 
LOADING—HOMOGENEOUS CARGOES. 


Loading.—All cargo-carrying vessels are not of the same type, 
proportions, or form; therefore, they cannot all be loaded 
alike. ; 

Loading does not mean, as some would imagine, the art of 
throwing into the smallest possible hold space the greatest 
amount of cargo in the least time. This method might do all 
very well, probably, for the loading of railway trucks, when the 
freight is not of a more damageable nature than sand or rubbish, 
but to adopt such a method in dealing with so sensitive an object 
as a ship, simply betrays unwonted ignorance. Certain ships 
lend themselves more than others to the production of objection- 
able results, but in the majority of vessels built in these days, 
the person in charge of the loading or ballasting is often more 
blameworthy for the bad stability and behaviour of his ship at 
sea than the ship herself. By the term bad stability is not only 
meant too short righting levers or too short range (this might 
be called deficient stability), but also too much stability, with 
too long righting arms for small angles of heel, which produces, 
as observed in Section II., rapid movements, and probably exces- 
sive rolling. 

Suppose the shipbuilder supplies a captain with a curve of 
stability for his ship in her loaded condition, with a certain 
metacentric height. This, while perfectly safe, he also finds 
produces easy motion and general steadiness at sea. As far 
as it is possible, he observes and makes notes of the distribu- 
tion of weights in the hold, as regards their vertical and 
horizontal position—that is, if the cargo be of a miscellaneous 
character, and strives to obtain a similar condition on each 
succeeding voyage, testing at times, when doubtful, the meta- 
centric height in the load condition, before sailing. Now suppose 
in going to a strange ship he proceeds to adopt exactly the 
same methods of loading as in the previous one, it is extremely 
unlikely that similar results would be obtained, for at sea we 
should probably find her behaviour widely pea oad on 
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testing the metacentric height, that she had either far too much, 
or else too little, or possibly scarcely any at all; the difference 
in form, proportions, type, or arrangement of permanent weights 
being accountable for this result. 

Thus we see that efficient loading demands much more know- 
ledge, intelligence, and wise discretion than one would at first 
imagine. Mere rule-of-thumb methods can only produce uncer- 
tainty in the majority of cases. A clear understanding must 
exist as to what is the best condition of seaworthiness. 

For all vessels identical in their proportions, in type, and in 
internal arrangement, it would be an easy matter to fix upon a 
freeboard and metacentric height such as would ensure the best 
possible results at sea; but the immense variety of vessels which 
are continually being built renders this impossible. However, 
the officer who superintends the loading is relieved from the 
former of these responsibilities, as this is fixed either according 
to the rules of the Board of Trade and Registration Societies, or 
else by the designers, who in some cases prefer to give more free- 
board than the rule minimum. Neither can the officer deter- 
mine the best metacentric height. Here, again, he is dependent 
upon the builders or naval architect, who by calculation, experi- 
ment, and varied experience, are in the best position to specify 
the metacentric heights under various conditions likely to prove 
most satisfactory. The responsibility which does rest with the 
ship’s officer is the obtaining of the required metacentric height, 
without which the freeboard determined by the Board of Trade 
Rules (a freeboard which is calculated on the necessary condi- 
tions being fulfilled to provide the ship in a state of seaworthiness) 
is by no means of itself a guarantee of safety. As some captains 
would remind us, it is true that probably with the majority of 
ships built no such information is provided, much less curves of 
stability. The reason has been given many times before— 
namely, that in most cases the ship’s officer does not know how 
to use them if he got them. Butit would be unjust to blame 
him for not understanding a subject about which so little attempt 
has been made to provide the proper means of obtaining a know- 
ledge of their meaning and use. In the past there has been even 
a worse feature than this. Probably there are no shipbuilders 
who have more endeavoured to supply information of this nature 
than Messrs. William Denny & Brothers, Dumbarton, and yet 
their experience is the regrettuble one, that only in some 
cases has their information been used. The happy side, how- 
ever, is that when it has been used, most satisfactory results 
have been obtained. Shipbuilders have not been much en- 
couraged in the past to go to the additional trouble, except in 
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special cases, of providing information upon stability. It is 
hoped, however, that with the ever-increasing facilities of 
education for persons in all occupations, the subject will no 
longer be relegated to the remote position it has hitherto held, 
especially among officers of the mercantile marine. 

The writer’s experience in lecturing has proved that the 
importance of all the points dealt with in this book is already 
being more fully comprehended, and that seamen generally are 
desirous of acquainting themselves with them. Undoubtedly, 
when such information can be used, shipbuilders as a rule will 
be only too ready to supply it, if it were for no other reason than 
the return which ships’ officers would be able to make, in giving 
reliable information to the shipbuilder, which would greatly 
assist in the development of vessels thoroughly adapted for their 
special trades. 

At this stage a few observations may possibly be made with 
profit upon the loading of homogeneous cargoes. Although in 
some respects less complicated than those of a miscellaneous 
character, nevertheless their varying densities necessitate that 
their varying effects upon the vessel’s stability be understood. 

Homogeneous Cargoes.—By a homogeneous cargo is meant 
one all of the same kind, such as a complete cargo of cotton, or 
coal, or wool, or grain, or timber. All homogeneous cargoes 
which exactly fill the holds, and bring a vessel down to her load 
waterline, have the same effect upon the levers of stability, and 
produce the same amount and range in every case. This is self- 
evident, since the centre of gravity of every such cargo must 
occupy the same position, thereby producing in each case 
identical levers of stability. As the total weight of each such 
cargo as brings the vessel to the same load waterline must be 
equal, it follows that the moment of stability, which equals the 
displacement multiplied by the righting lever, must also be 
identical; the other conditions, metacentric height and free- 
board, which are necessary in the production of similar stability, 
remaining constant. But supposing that we have a homogeneous 
cargo of the nature of timber, which necessitates a part of it 
being placed on deck in order to sufficiently load the vessel to 
bring her down to the load waterline, then we alter the previous 
conditions, and the stability is affected. 

Having placed a part of the weight constituting the cargo 
upon the deck, it follows that the centre of gravity will have 
risen by the distance of the centre of gravity of the deck cargo 
from the centre of gravity of the ship (when laden with a homo- 
geneous cargo, which simply fills the holds alone an1 brings her 
down to the load waterline), multiplied bv the weight of deck 
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cargo, and divided by the total displacement. However, 
although the metacentre always occupies the same position 
when the vessel is at her load waterline, and the freeboard is 
constant, yet the reduction in the metacentric height, due to 
the deck timber raising the centre of gravity, will result in 
decreased levers of stability, and, consequently, decreased 
moment and range. But, again, a vessel laden with a light 
homogeneous cargo, which, like timber, does not put the vessel 
down to the load waterline when the holds are filled, and is of ~ 
such a nature that if exposed to the weather would suffer 
damage, has, consequently, considerably move than the necessary 
freeboard. The probable result in most cases would be a 
reduced metacentric height. This would in all likelihood be 
caused by a lowering of the metacentre and raising of the 
centre of gravity. It is true that the metacentre ought, accord- 
ing to the formula, to be at a greater height above the centre of 
buoyancy, owing to the decreased displacement and very slightly 
reduced moment of inertia of the new waterline; but then the 
centre of buoyancy has lowered also, owing to the lesser draught, 
which, altogether, may have produced in the region of the load 
waterline a lowered metacentre (see Metacentric Curves, Fig. 
101). This, however, could readily be ascertained from the 
curve of metacentres. | 

Coming to the centre of gravity, we should most likely find 
that the centre of gravity of a homogeneous cargo filling the 
holds lies below the centre of gravity of the vessel in her light 
condition; so that the loading of such cargo must produce a 
centre of gravity for the loaded ship below the centre of gravity 
in her light condition. When such is the case, it, moreover, 
follows that the heavier the homogeneous cargo, the greater its 
effect in producing the lowest centre of gravity and the greatest 
metacentric height. The lightest homogeneous cargo would 
therefore produce the highest centre of gravity and the least 
metacentric height. Thus the conclusion should not be jumped 
to that the greater freeboard will compensate for the loss of 
metacentric height and raised centre of gravity, for it might 
very possibly be found that the whole range of stability had 
suffered reduction, which would be further influenced by the 
smaller displacement. 

On the other hand, with a homogeneous cargo which puts 
the vessel down to her load waterline, and yet does not fill the 
holds, it follows that the centre of gravity must occupy a lower 
position than when laden with a homogeneous cargo filling the 
holds. The result in this case is, that the metacentric height 
being greater and the freeboard unchanged, the lever of stability 
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is lengthened and the moment and range are increased ; so that 
for a vessel engaged in general trade, the value to a shipmaster 
of a curve indicating her stability laden with a probable light 
homogeneous cargo with which she is considerably above the 
load waterline, and another laden with a denser homogeneous 
cargo, exactly putting her down to the load waterline, must be 
obvious. 
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CHAPTER VI. (Sscrion V.) 


SHIFTING CARGOES. 
Conrents.—Variations in Stability on a Voyage. 


Shifting Cargoes.—Professor Elgar, in a most valuable and 
instructive paper read before the Institute of Naval Architects, 
in 1886, upon “Losses at Sea,” states that in the three years, 
1881, 1882, and 1883, out of 264 British and Colonial vessels 
registered in the United Kingdom of and above 300 tons 
gross register, which had been lost at sea under the category 
of “foundered or missing,’ one-fourth of these were laden 
with coal, and one-sixth with grain—very large percentages of 
the total losses from these causes. It must be remembered, 
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however, that these are two of the largest trades in which 
British vessels are engaged, but at the same time it is obvious 
that they are two of the trades in which there is most possibility 
of cargo shifting. Hence the restrictions laid by the Board of 
Trade that certain proportions of grain cargoes must be carried 
in bags, and also that shifting boards be fitted down the centre 
of the hold, extending at least 6 feet below the deck, and in 
’t>ween decks from deck to deck. Without these restrictions, 
where both grain and coal are carried entirely loose in the 
hold, the danger is easily perceivable. 
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For example, let Fig. 98 represent a vessel which is so laden. 
Even if the hold be filled before commencing the voyage, the 
motion at sea tends to settle the cargo more compactly until 
there is a space at the top of the hold. Suppose that owing to 
heavy rolling the cargo shifts as shown, with the result that the 
vessel takes a heavy list, causing her, in some cases, to be 
abandoned. The shift of the cargo has affected her stability. 
Previously, the centre of gravity was at G in the vertical line 
passing through the centre of the vessel. Now, however, owing 
to the transference of the wedge of coal, or grain, as the case 
may be, x A B from the port side, to «CD on the starboard 
side, the centre of gravity has moved in the same direction. 
Let the wedge of grain shifted be 40 tons, the distance from the 
original centre of the wedge to the new centre 20 feet, and the 
total displacement 3000 tons; then the shift of the centre of 
gravity in a line parallel to that joining the centres of the 
wedges will be— 


40 x 20 
3000 


The levers of stability will now have become reduced for the 
whole range of the vessel’s stability. If she lies at rest at the 
angle of heel at which she now is, it is evident that she still 
possesses some stability, though in the present condition the 
lever of stability is na, it having all been absorbed by the out- 
ward movement of the centre of gravity. But the immersion 
of a new wedge of buoyancy on the starboard side draws out the 
centre of buoyancy to that side, and produces some stability 
at greater angles of inclination. Should the cargo shift still 
further, the whole range of stability may vanish altogether owing 
to the shortening of the length of the righting levers; or, in 
other words, if the total heeling moment of the shifted cargo 
exceeds the greatest righting moment of the vessel, she will 
capsize. The most dangerous vessels, with a shifted cargo, as 
their tendency is to be tender, are the older type of small beam 
to depth. These vessels, fitted with a double bottom for water 
ballast, show this objectionable feature in a more marked degree, 
when the tanks are empty, owing to the raised condition of the 
cargo. It is, therefore, clear that vessels with good beam have 
the advantage, in the event of such an accident happening, since 
their form naturally provides them with greater metacentric 
height and greater resistance to inclination to large angles. 

Possibly, the thought may have struck some reader who has 
observed grain heaped upon a warehouse floor, as to whether a 
ship laden with loose grain will heel, until the grain surface in 


= 0°26 foot to starboard side G’. 
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the hold is at as large an angle as the surface of the heaped 
grain, before any shift takes place. If the ship could be heeled 
slowly and steadily, no shift of cargo would occur before the 
surface of the grain has reached as great an angle as it is possible 
to heap it upon a floor, as in Fig. 99, a6 and ab being at the 
same angle of inclination. 

If this answer were correct in all cases, possibly a little less 
uneasiness might be felt as regards shifting cargo, for the late 
Professor Jenkins, in a paper read before the Institute of Naval 
Architects, on this subject, gives the greatest angles to which 
it is possible to heap a free surface of wheat (or, as it is termed, 
the angle of repose) at 234°, which is considerably less than that 
of most grain, and as grain-laden vessels are generally inclined 
to be tender, and, therefore, usually roll less, the angles of repose 
for grain are greater than many such vessels would roll through. 


Fia. 99.—ANGLE OF REPOSE FOR GRAIN, 


But this is not the case, for the effect of rolling, pitching, and 
blows from the sea is to reduce the angle of repose considerably. 
Moreover, movement of cargo will take place all the sooner, the 

reater the distance its surface is situated from the centre about 
which the ship rolls, hence, cargo in the ’tween decks will shift 
sooner than cargo in the hold. 

When it is known that shifting boards extending down the 
middle line of a ship reduce the heeling moment of shifted cargo 
to about one-fourth of what it would be without them, their 
value will then be better understood. 

Variations in Stability on a Voyage.—Steamers are 
especially liable to considerable change in their stability and 
behaviour at sea between the time of leaving one port and 
arriving at another. 

This is chiefly due to the consumption of bunker coal. 

Take an ordinary cargo vessel which on a six days’ voyage 
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from one port to another consumes, say, 100 tons of coal. 
Naturally the displacement will be reduced by 100 tons, and 
_ by referring to the ‘tons per inch” curve it may be ascertained 
how many inches the draught has decreased, evidently giving 
greater freeboard in the first place. 

The effect upon the metacentric stability will depend chiefly 
upon the position of the centre of gravity of the bunker coal. 
In the case where the bunkers are situated on each side of the 
boilers, and in a cross bunker extending from the top of the 
floors to the first deck when there are two or more decks, the 
centre of gravity of the bunker coal will generally lie below the 
centre of gravity of the ship, making the ship stiffer. When 
the coal is consumed the vessel will become more tender, and 
usually steadier when among waves, due to the reduced meta- 
centric height. 

But as is more common in these days among tramp steamers 
of good beam, where, in order to get the greatest reduction on 
the tonnage by obtaining the largest possible propelling space 
(see Z'onnage), the practice of almost dispensing with lower side 
and cross bunkers is adopted, and the coal is carried in the 
*bween decks at the sides of the engine and boiler casings. 
Frequently an additional 30 or 40 tons are placed on the bridge 
deck, and kept there by means of temporary boards secured to 
the rails, or by closed-iron bulwarks. In such cases the centre 
of gravity of the coal is much above the centre of gravity of the 
ship, producing reduced metacentric height and greater steadi- 
ness. But on the consumption of this coal, the top weight 
being removed, the centre of gravity lowers, the ship becomes 
stiffer, and is found to roll more than previously. 

After lecturing on this subject on a certain occasion recently, 
a captain who was one of the audience related the following 
uncommon incident in his own experience, an incident which 
he had never been able to understand :— 

Coming up the Irish Sea to Liverpool almost at the end of a 
homeward voyage, laden both in holds and on deck with esparto 
grass, the vessel began to indulge in most peculiar movements. 
There was not much sea, and previous to this time the vessel 
had been exceedingly steady ; but now she commenced to take 
a slight list, and to move occasionally from side to side with a 
jerk, and not with a rolling motion. She would then li still 
after one of these movements, except for the rising and falling 
of the waves, until after another interval another wave lifted 
her up, and she jerked to the other side, there again lying for a 
time, the motion being repeated at intervals. As this captain 
now explained, the vessel having a light homogeneous cargo, 
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had been very tender, and all the more so with the deck cargo. 
The bunkers being situated low down in the vessel, the con- 
sumption of coal on the homeward voyage must undoubtedly 
have still further reduced the metacentric height. Moreover, 
during the latter part of the voyage the deck cargo became 
soaked with rain, which made it heavier and more effective in 
raising the centre of gravity, until at last the centre of gravity 
actually coincided with or rose above the metacentre. In the 
latter case an upsetting lever having arisen, the vessel heeled, 
until by the immersion of a new wedge of buoyancy this heel- 
ing force was absorbed. The vessel was now practically in a 
similar condition to the homogeneous cylinder we considered in 
Fig. 93, except that on being still more inclined, the immersion 
of another new wedge of buoyancy caused the righting levers of 
stability to grow again, which resisted further inclination. 

Thus the cause of the vessel jerking from side to side was not 
due to the effect of any righting moment, but simply to the 
heaving motion of the sea pushing her occasionally to the up- 
right, and then losing her balance, being in a state of neutral 
equilibrium, she dropped over to the other side. 

Any vertical movement of weights, or increase or decrease of 
weights already on board, will in some degree influence the 
stability, which, as has been shown, will affect her motion among 
the waves. 

Emptying or filling water ballast tanks may have a similar 
effect. 
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CHAPTER VI. (Section VI.) 


EFFECT OF ADMISSION OF WATER INTO THE 
INTERIOR OF A SHIP. 


ConTENTS.—Admission through a hole in the Skin into a Large Hold— 
Curves, showing Variation in Height of Metacentre with Increase of 
* Draught—Buoyancy afforded by Cargo in Damaged Compartment— 
Longitudinal Bulkheads—Entry of Water into Damaged Compartment 
beneath a Watertight Flat—Entry of Water into Damaged Compart- 
ment above a Watertight Flat—Value of Water Ports—Water on 
Deck—Entrance of Water through a Deck Opening—Entry of Water 
aye a End Compartment—Height of Bulkheads—Waterlogged 
essels. 


Effect of the Admission of Water into the Interior of a 
Ship.—l. Through a hole in the Skin below the Load Water- 
line :— 

Let Fig. 100 be a box-shaped vessel 100 feet long, 20 feet broad, 
10 feet draught, and 5 feet freeboard. For the sake of example, 


Fig. 100.—Errect or Entry oF WATER INTO A CENTRAL 
WATERTIGHT COMPARTMENT. 


let there be a watertight compartment, one-fourth of the length 
of the vessel—viz., 25 feet—situated at the middle of the length, 
and bounded at each end by a watertight bulkhead, as shown. 
We will suppose this compartment to be damaged by collision, 
and the sea to enter by the hole indicated. 

After the damage the draught of water will have increased 
from WL to wil, for, as was pointed out in the Chapter on 
Buoyancy, the buoyancy of the compartment into which the 
water has entered having been lost, in order to support the 
weight of the vessel which remains unchanged, the reserve 
buoyancy in the other intact compartments has had to be drawn 
upon, hence the increase of draught. But let us see what effect 
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this has had upon the metacentric height. The rule for meta- 
centre above centre of buoyancy is— 
Moment of inertia of waterline 
Displacement in cubic feet 


Now, in taking the moment of inertia of the new waterline of 
this vessel, the compartment into which the sea has entered is 
entirely ignored, and treated as though it were no part of the 
vessel, since it affords no buoyancy. The moment of inertia of 
the new waterline w/, less the part FG, divided by the dis- 
placement, equals the metacentre above the centre of buoyancy. 
It will be pretty evident that the moment of inertia will have 
decreased considerably owing to the loss of a part of the water- 
line area, which must result in bringing the metacentre nearer 
to the centre of buoyancy. The position of the centre of gravity 
of the ship remaining unchanged, it would appear to follow, at 
first sight, that in every such case the metacentric height is 
reduced. But let not the important fact be overlooked that the 
centre of buoyancy must have risen with the increase of draught. 
Possibly a simple calculation may more effectively throw further 
light upon this. Referring to the box vessel before the accident 
occurred :— 


The displacement was 100 x 20 x 10 = 20,000 cubic feet. 


3 
The moment of inertia of the waterline = cai = 66666. 
The metacentre above centre of buoyaney = Sone = 3°3 feet. 


The metacentre above the bottom of the box is 5 + 3°3 = 8°3 feet. 


Let the centre of gravity be, say, 6°3 feet from the bottom of the box, 
then the metacentric height in the undamaged condition is 8*3 — 6°3=2 feet. 

For curve of stability (see Fig. 82, Curve No. 3). , 

After the collision, the draught is found to have increased 3:3 feet ; this 
is arrived at by dividing the volume of the lost buoyancy FG B A (Fig. 100) 
by the total area of the waterline, iess the part FG, 

The centre of buoyancy is therefore— 


10 + 33 = 6°6 feet from the bottom of the box. 


The displacement remains unaltered at 20,000 cubic feet, 


The moment of inertia of the waterline = oe = 50000. 
50000 
The metacentre above the centre of buoyancy = 50000 = 2°5 feet, 


which is lower than formerly. 
The metacentre above the bottom of the box = 6°6 + 2°5 = 9'1 feet, 
which is higher than formerly. 


Then the metacentric height after the collision is 9°1 — 6°3 = 2°8 feet, 
which is greater than formerly. 
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Thus we see that the vessel has actually a greater metacentric 
height after the accident with the compartment flooded than she 
had originally in her intact condition. At first one is almost 
tempted to jump to the conclusion that this could scarcely be 
the result, for if such be the case, why the loss of so many 
vessels subdivided into numerous watertight compartments? and 
we may point to the battleship ‘‘ Victoria,” and the more recent 
disaster to the “Elbe.” To understand this, it is necessary to 
carefully trace the effect of the chief influencing agents, upon 
which the initial or metacentric stability depends, from the 
moment the collision happens to its climax. Be it observed, 
however, that while the metacentric stability is less for this 
box ship in the undamaged condition, yet the stability for 
greater angles of inclination is unquestionably superior. This 
is accounted for by the greater freeboard. Moreover, all ships 
cannot be classed as boxes, and the difference in form and the 
fining away of the waterlines (or beams) towards the ends, has a 
very marked effect upon the height of the metacentre, owing to 
the great reduction in the moment of inertia of the waterlines. 

Variation in Height of Transverse Metacentre owing to 
Increase of Draught.—It is generally found in merchant 
vessels that for light draughts the metacentre is highest, owing 
to the small displacement in comparison with the moment of 
inertia of the waterlines, but as the draughts increase the 
immense bulk of the vessel grows more rapidly in proportion 
than does the moment of inertia. The result often is that the 
metacentre falls, until, when approaching the load waterline, the 
lowering effect of the increasing displacement is less than the 
raising effect of the centre of buoyancy, owing to the increasing 
draught, and the metacentre rises again.* This leads us to the 
important fact that dangerous as the shipping of heavy seas 
may be into large wells upon the decks of many vessels, yet in 
some cases, owing to the increased draught’ from such sudden 
deck weight the metacentre rises, and this greatly tends to 
avert what might often be a serious condition. 

In Fig. 101 several examples are given for different types of 
actual ships, showing the effect of increased draught upon the 
height of the metacentre, as shown by the curves. The table 
on the same page gives the particulars for each vessel. 

It will also be noticed that a collision happening in way of a 
moderately large compartment at or near amidships, the loss of 
this most effective moment of inertia of waterline (the beam 
being greatest here), greatly modifies the results obtained from 


* Flare out on the load waterline at the ends of a vessel increases the 
moment of inertia and tends to produce the same result. 
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vessels of box form, and makes impossible such increase in meta- 


tentric height as is obtained from our box vessel with its central 
compartment flooded (Fig. 100). In the box vessel in our illus- 
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poe Length. | Breadth. ae a Satis Description. 
Feet. Ft. in. Ft. in. Ft. in 
1 320 45 3 28 0 22 0 Full sailing ship. 
2 270 41 0 26 3 21 0 Full sailing ship. 
3 206 28 6 15 10 14 0 Fine steamer. 
+ 231 32 0 17 4 15 0 Moderately full steamer. 
5 215 31 10 16 3 15 0 Moderately full steamer. 
6 245 33 0 17 3 15 9 Moderately full steamer. 
7 190 27 6 18 0 AA, Steam yacht. 
8 162 22° 0 14 4 T1736 Steam yacht. 
9 154 22 0 13 6 9,),0 Steam yacht. 
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tration the draught was 10 feet, and the freeboard 5 feet, and if 
these figures be for loaded conditions, the amount of freeboard, 
and, consequently, reserve buoyancy, is exceptionally great. 

Had there been anything less than 3:3 feet freeboard she would 
have foundered, the weight of the vessel more than swamping the 
total remaining buoyancy after the collision. But probably neither 
the ‘‘ Victoria” nor the “ Elbe” sank from this cause, for before 
the reserve buoyancy had been exhausted they capsized. 

Let Fig. 102 represent the section of a vessel in way of a 
damaged compartment, the buoyancy of which compartment is 


Fic. 102.—INFLux oF WATER INTO DAMAGED COMPARTMENT. 


less than the remaining reserve buoyancy, thus proving that 
there is, at any rate, capacity to float after the inflow of water 
has ceased. 

Water flows in through the hole X, and if the hole be large, 
as it usually is under such circumstances, the immense weight 


Fia. 103.—List CAUSED BY INFLUX OF WATER. 


of water which rushes in on the one side, together with the 
natural tendency of water to find the lowest possible position, 
has the effect, for the time being, of drawing out the centre of 
gravity of the vessel in the same direction--that is, towards the 
side of the ship where the hole is, and the vessel takes a list. 
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The water already in the compartment naturally seeks a hori- 
zontal surface, as shown in Fig. 103, with its centre of gravity g 
well over to the heeling side, adding to the inclination. 

The continuous pouring in of water, accompanied by increasing 
list, and the added effect of the water which has already entered, 
combine to increase the heeling process, and thus eventually, in 
many cases, when the heeling moment from these causes exceeds 
the greatest righting moment indicated by the vessel’s curve of 
stability, she capsizes. If the vessel be very stiff in the upright 
condition, in some cases she will resist the heeling caused by the 
water pouring in, and she will do this all the more easily after 
a moderate quantity has entered, as this has the effect of lowering 
the centre of gravity and adding to the stiffness and resistance 
to further inclination, and eventually, when the reserve buoyancy 
has been drawn upon for the loss of the buoyancy of the damaged 
compartment, she may remain at rest in a condition of stable 
equilibrium. 

Buoyancy afforded by Cargo.—It should be noted that 
immediately after the collision the weight of water pouring in 
acts exactly as deadweight, lowering the centre of gravity and 
increasing the draught. But after the compartment is filled to 


Fic. 104.—Errect oF WATER IN A COMPARTMENT WITH CARGO. 


the level of the water outside the ship—and the water inside the 
ship continues to be freely in contact with the water outside-— 
the entered water is no longer considered as weight, any more 
than the water outside the ship is weight, since this space has 
ceased to represent floating power (excepting the cubic capacity 
of the cargo inside, if there be any, for displacement is always 
actual buoyancy), and the entered water is, therefore, dismissed 
as being no part of the vessel; in fact, the vessel is now identical 
with Fig. 104. 

Here we have two intact end compartments. The middle 
space, A B DO, has only, say, a bottom upon which rests weights 
representing cargo. There are no sides to this compartment, but 
simply the means for holding the structure together. In this 
example we have an exact illustration of the vessel we have been 
considering. The whole is being supported by the buoyancy of 
two intact end compartments, together with the volume of the 
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cargo, which also affords its cubic capacity of buoyancy, though 
beneath the water level. The centre of gravity is the actual 
centre of the weight of the ship and her cargo, the water in the 
space over the cargo neither affecting its position nor adding to 
the weight. 

Thus we see that in an actual ship the entry of water may at 
first affect the centre of gravity, yet after the inflow has ceased, 
having reached the water level outside, the centre of gravity is 
again in its original position. If the vessel is tender in the 
upright condition, she will heel all the more easily under the 
effect of water so entering. 

Longitudinal Bulkheads.—Should the vessel possess a longi- 
tudinal watertight bulkhead down the middle of her length, 
instead of this providing a means of safety, as is sometimes sup- 
posed in such an accident, it simply adds to the effect of the 
water in heeling the ship, and by robbing the ship of buoyancy 
upon one side only tends all the more to the production of the 
often disastrous result. In cases of war and passenger vessels, 
where a system of exceedingly numerous watertight compart- 
ments is adopted, damage to one or more of these compartments 
may not produce very serious results, though possibly causing a 
list owing to loss of buoyancy, perhaps, on one side only. Being 
devoid of this floating support, the centre of buoyancy can no 
longer lie in the middle line of the vessel, but in the centre of 
the actual remaining immersed buoyancy, though, if the vessel 
remain at rest, it follows that the centre of gravity and the 
centre of buoyancy are in the same vertical line. 

It should be observed, however, that the loss of many vessels, 
thoroughly subdivided into watertight compartments, is often 
due to the fact that they have so many watertight but unclosed 
doors. Collisions generally happen at unexpected moments, and 
often in fine weather, when many of these doors are open, with 
the result that when the collision occurs, they cannot be reached, 
or are entirely forgotten, and hence the result. 

Entry of Water into a Compartment beneath a Water- 
tight Flat.—Instead of the whole middle compartment being 


Fic. 105.—Errect or Entry INTO A WATERTIGHT COMPARTMENT 
BELOW ParTiAL DECK. 


open to the inroad of the sea after damage to the skin, let us 
| es Me 12 
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suppose that a watertight flat or partial deck situated at one- 
half the depth of the original draught (5 feet) be fitted as in 
Fig. 105, and the sea to enter through a hole into the lower com- 
partment. Let us now observe the effect upon the metacentric 
height. The waterline being entirely intact, the moment of inertia 
must be reckoned upon the whole area. The metacentre is 33 
feet above the centre of buoyancy as for the vessel undamaged. 

The volume of the lost buoyancy of the compartment B, divided 
by the area of theeffective waterline gives the increase of draught— 

aus = 1:25 feet = increase of draught, 

The centre of buoyancy of the intact end compartments 

only, from the bottom, is— 


10 + 1:25 
2 


The effect of the buoyancy above the watertight flat is to raise 
the centre of buoyancy for the whole vessel to 6:01 feet above 
the bottom. 

The metacentre above the centre of buoyancy is 3°33 feet. 

The metacentre above the bottom of compartment is 6-01 + 
3°33 = 9°34 feet. 

The centre of gravity above bottom of compartment is 6:3 feet. 

Therefore, the metacentric height is 9°34 — 6:3 = 3 feet, 
which is greater than for the vessel in the original intact condi- 
~ tion, and also, as in the foregoing example, where the whole 
compartment between the watertight bulkheads is lost buoyancy. 
Moreover, with intact waterline and upper buoyancy, a little 
study of the wedges of immersion and emersion will abundantly 
prove that in every respect its stability is improved. 

Entry of Water into an Upper Compartment.—But again, 
supposing the upper compartment to have been damaged, as in 


= 5:62 feet. 


Fig. 106.—ErFrect or Entry oF WATER INTO AN UPPER CoMPARTMENT. 


Fig. 106, we shall see that the effect is greatly different. First 
of all, the moment of inertia is reduced owing to the loss of the 
space FG. The moment of inertia of the waterline, and, conse- 
quently, the height of the metacentre above the centre of buoy- 
ancy, are now the same as in Fig. 100, the latter being 2°5 feet. 
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The loss of buoyancy below the waterline is the same as in the 
last case, but the increase of draught is more, owing to the 
effective area of the waterline being reduced by the space F G. 


2500 
1500 


The centre of buoyancy of the intact end compartments only 
above bottom of box is— 

10 + 1:66 
2 

The effect of the buoyancy below the watertight flat is to 
lower the centre of buoyancy for the whole vessel to 5:42 feet 
above the bottom. 

_ The metacentre above centre of buoyancy is 2°5 feet. 

The metacentre above the bottom of the box is 5:42 + 2:5 = 
7:92 feet. 

The centre of gravity above the bottom of the box is 6:3 feet. 

Therefore, the metacentric height is 7°92 — 6°3 = 1°6 feet. 

It will be very clear that this case is vastly different from the 
previous one, for not only are the metacentric height and free- 
board less, but the total loss of the upper buoyancy above the 
watertight flat will greatly reduce the effect of the immersed 
wedges in producing the levers of stability. 

Value of Water Ports.—Lffect of water on deck, and necessity 
of ample freeing ports. 

In well deck vessels of the raised quarterdeck type, and also 
those with poop, bridge, and forecastle, special care should be 
taken that ample means be provided for speedily ridding the 
space between the forecastle and the bridge, and also between 
the bridge and the poop, of water accumulated through the 
shipping of heavy seas. In addition to the discomfort and the 
strain to the structure from such sudden and heavy deck 
weights, the vessel’s stability may, under certain circumstances, 
be seriously affected, and if the water be not rapidly cleared, 
may prove a source of real danger. This is easily perceived 
when we consider the enormous weight which from time to time 
is poured on the deck during heavy weather, and this weight 
being considerably above the centre of gravity of the ship, the 
effect is to raise the centre of gravity possibly to a height above 
the metacentre. 

Suppose a vessel of 2,000 tons load displacement has a well 
between the bridge and the forecastle 60 feet long, 34 feet 
broad, and with bulwarks 4 feet high. This space would hold 


phe eo = 233 tons. That shipped seas would often 


The increase of draught is = 1°66 feet. 


= 5-83 feet, 


180 KNOW YOUR OWN SHIP. 


entirely fill this space would be unlikely; but suppose, for 
example, that it be three-fourths filled, the water shipped would 
weigh 175 tons. The centre of gravity of the weight being, say, 
10 feet above the centre of gravity of the vessel, the effect is to 


PP 175 x 10 
raise the position of the latter 5000 + 175 ~ 0:8 foot. 


Supposing the vessel’s metacentric height to be *6 foot—not at 
all uncommon in many cases of loading—then the centre of 
gravity 1s now approximately 0:2 foot above the metacentre, 
supposing no rise to have occurred in the height of the latter. 
In this condition it follows that the vessel is unable to remain 
upright, apart from the influence of the waves, and commences 
to heel, the water all rushing towards the inclining side. The 
original metacentric height is only regained by the water pouring 
over the bulwarks and through the freeing ports, which latter 
should therefore be amply sufficient to speedily clear the deck. 

The danger will be all the more obvious in vessels possessing 
deep wells, the bulwarks of which extend to the height of the 
bridge and forecastle, usually about 7 feet. It will be evident 
that such a vessel, unless capable of speedily relieving herself of 
the water through the water ports, will heel to a greater angle 
before getting rid of much of it over the bulwarks. The con- 
centration of this water to one side, when inclined, and the 
possible synchronism of a wave, may lead to disastrous results. 
Certainly, as some reader may suggest, this is an extreme case, 
but the fact that so many vessels are, in ignorance, sent to sea 
unseaworthy, and so many are recorded annually as “ foundered,” 
and “unheard of,” demands attention, and furthermore proves 
that extreme cases are not so uncommon as is often imagined. 

Entrance of Water through a Deck Opening.—LHffect upon 
Stability owing to the Admission of Water into the Interior, either 
through a Damaged Deck or Deck Opening.—This case differs 
{rom the previous ones in the fact, that the skin being perfectly 
intact, there is no free communication between the water inside 
and outside of the vessel. There is, therefore, no loss of buoy- 
ancy, the entered water acting directly as deadweight, and 
thereby increasing the draught. If this operation were to con- 
tinue until the total weight of displacement exceeded the total 
buoyancy, the vessel would sink. Should the entered water be 
only moderate in quantity, through, perhaps, leakage in the 
deck during heavy weather, let us briefly observe the possible 
effect upon the stability. 

If the vessel be very flat on the bottom, the effect, as Professor 
Elgar very aptly points out in the paper previously referred to, 
will be similar to that of water poured slowly into a box. Water 
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naturally seeks the lowest position, and this will only be accom- 
plished by the vessel inclining, and lowering one of the bottom 
corners. At first, only a slight list is perceived, but as ths 
amount of water in the interior increases, the list continues to 
increase until the centre of gravity of the water finds a position 
in the vertical line through the centre of buoyancy, after which, 
the water, which was previously the inclining element, now 
resists further inclination. 

Let Fig. 107 be a vessel which has gone through these stages of 
inclination. If she then remains at rest it proves at once that 
the vertical lines through the centre of gravity and the centre 
of buoyancy coincide, the centre of gravity having moved from 
G to G’, owing to the effect of the shifted water. If a vessel 


Rig. 107.—Errect oF WATER COLLECTED IN THE BOTTOM OF A VESSEL. 


has more righting moment of stability (righting lever x displace- 
ment) at any angle of heel than the inclining moment at corre- 
sponding angles (weight of water x perpendicular distance 
between gq’),* then the vessel will return to the upright. The 
vessel in our example (Fig. 107) was more tender, for as the 
water entered slowly she inclined gradually, thus showing that 
the heeling moment of the water was exactly absorbing the 
righting moment of the vessel, and thus leaving her, at each 
successive angle of inclination, in a state of neutral equilibrium. 
She could not heel all at once to her greatest angle of inclination, 
simply because the heeling moment was not sufficient to absorb 
the righting moment of the vessel until more water had entered. 

In Fig. 107 let the weight of water in the hold be 50 tons, and 
the displacement of the vessel in this condition 1,000 tons. In 
the upright condition the centre of gravity of the water was at 
g, but after the inclination it is found to have travelled 6 feet, 


* g is centre of gravity of water in upright condition, and g’ in inclined 
condition. 
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to g'. The effect is to draw out the centre of gravity of the 
vessel in the direction of the moved water, which distance is 


50 x 6 
1,000 = 0:3 foot. 


Owing to the shift of the centre of gravity a distance of 0°3 
foot, to, say, starboard side, the effect is the same as deducting 
0-3 foot from the lever of stability with no water in; and thus 
where the curve of stability shows 0:3 foot of lever, there would 
in reality be no lever at all, and at this angle the vessel would 
lie at rest if undisturbed. If the vessel were forcibly inclined 
further, she would probably return to this position again imme- 
diately on the inclining force being removed, proving that 
beyond this angle her righting moment exceeded the heeling 
moment of the water. 

If the vessel were now forcibly heeled to the port side and 
again left undisturbed, she would lie at the same angle of 
inclination as on the starboard side. Should it happen that the 
greatest righting lever of the vessel at any angle of inclination 
did not exceed 0:3 foot, she would undoubtedly capsize. 

The more rise there is on the bottom of the vessel, the less 
danger or likelihood is there of water thus taking a permanent 
shift, since this form of bottom makes the upright the lowest 
position that entered water can find. In sucha case, the entry 
of a moderate quantity of water is to lower the centre of gravity 
and give more metacentric height. But at the same time it will 
be remembered that great metacentric height conduces to heavy 
rolling, which motion will be transmitted to the water inside, 
tending, it is possible, to incline the vessel further than she 
otherwise would. These latter remarks apply also to free water 
in water ballast tanks, which, in addition, sometimes does con- 
siderable damage by its force. 

Entry of Water into an End Compartment.—Thus far it 
will be observed that only the effect upon transverse motion has 
been dealt with, and that in the foregoing examples the water is 
supposed to have entered into a compartment in the middle of 
the length, and thus to have increased the draught uniformly 
all fore and aft. However, where a compartment is damaged at 
or near the ends of the vessel, not only may there be tendency 
to transverse inclination, but longitudinal also. 

Thus in Fig. 108 let G be the centre of gravity and B the 
centre of buoyancy in the intact condition. Should the vessel 
be now damaged through collision in the fore compartment, 
© D, and the sea find free entrance, then the buoyancy of this 
compartment being lost, the draught must increase, and the 
centre of buoyancy will endeavour to shift into the centre of 
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the remaining buoyancy, B’. But the centre of gravity and the 
centre of buoyancy being no longer in the same vertical line, a 
condition of unrest is the result, there being a lever set up 
between the vertical lines 
through these two forces. 
The vessel will, therefore, 
heel longitudinally and go 
down by the head, and will 
not come to rest till the 
centre of buoyancy is again 
in the same vertical line 
with the centre of gravity. Fig. 108.—Errect or ENTRY 
The larger the compart- or WarTER In Fore ComPARTMENT. 
ment damaged, and the 

greater its distance from the original centre of buoyancy, the 
greater will be the change of draught and trim, with, possibly, 
disastrous results, for it will be seen that immediately the stem 
has gone under water, when such calamities happen there are 
possibly several deck openings or companions uncovered, and the 
sea finding inroad through these, adds to the effect by making 
its way to that end of the vessel which is inclined. 

Height of Bulkheads.—It will now be better understood 
why a watertight bulkhead should be placed at a short distance 
from each end of all vessels, for these localities are most likely 
to suffer in case of collision, and, moreover, being at so great 
a distance from the centre of buoyancy, their loss of floating 
moment is great. Hence the necessity of carrying all bulk- 
heads, and especially watertight ones, as high as possible, in 
order to prevent water finding its way over the tops of them 
into the next compartments. 

Waterlogged Vessels.—It is not an unfrequent sight during 
bad weather in the Baltic, where such a large percentage of the 
export trade is in timber, to see an old wooden ship, laden with 
timber in both holds and on deck in a waterlogged condition. 
There she lies with a heavy list, rising and falling with each 
successive wave, with scarcely ever a movement of her own 
(Fig. 109). 

She has sprung a leak, and water has found its way into her 
hold and risen to the level of the sea outside. There being now 
free communication between the sea and the water inside, the 
whole of the interior space unoccupied by timber—every crevice 
and corner—is lost buoyancy. The result is the draught in- 
creases, but not the displacement, until a volume of water has 
been displaced by the timber and the framework of the vessel 
equivalent to the original volume of displacement. Undoubtedly 
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the centre of buoyancy has risen. It will now be situated in the 
new centre of displacement, which no longer constitutes the 
portion of the ship which is immersed and within the skin, but 
the centre of the immersed portion of ship and timber unoccu- 
pied by water. The centre of gravity has remained stationary. 
If the metacentre had remained in the same position relatively 


fia. 109.—WaTERLOGGED TIMBER-LADEN VESSEL. 


to the centre of buoyancy, the ship, since the centre of buoyancy 
has risen, would actually be stiffer than before the leak took 
place, when she was probably very tender. ‘The permanent list 
proves that such is not the case, and we can rightly come to the 
conclusion that a considerable reduction has occurred in the 
height of the metacentre. 

It has not been caused by the displacement, for that is un- 
changed. It can only lie in the moment of inertia of the new 
watertine, which is no longer for the whole area of the waterline 
at which the vessel floats, but simply for the sectional area of 
actual timber (both cargo and ship), at that waterline. It will 
now be found that the moment of inertia is considerably less, 
and when divided by the displacement, gives a position for the 
metacentre below the centre of gravity. The vessel is, therefore, 
unstable, and heels over, and possibly in some cases, were it not 
for the volume of wood on deck, she might capsize altogether. 
But she is prevented from this by the effect of the immersed 
wedge of timber, which acts as freeboard, giving buoyancy 
exactly where it is most needed to keep the vessel afloat. 

The effect has been to draw out the centre of buoyancy from 
the original position B, to B’, Fig. 109, until the vertical line 
through the new centre of buoyancy coincides with the vertical 
line through the centre of gravity. The vessel now rests in a 
state of neutral equilibrium, having no righting lever of stability 
at this angle of inclination. 
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CHAPTER VI. (Section VIL.) 
SAILING, SAIL AREA, &c. 


Sail Area.—In briefly considering the subject of the capability 
of a vessel for carrying sail, our study of “Moments,” Chapter IT., 
again proves of great assistance ; moreover, we shall also discover 
that sail area is inseparably connected with stability. 


Se 


Fic. 110.—THREE-MASTED SCHOONER-RIGGED VESSEL. 


Fig. 110 is an outline sketch of a three-masted schooner-rigged 
vessel, which will serve as an example for reference. 

Sails might aptly be compared to a number of weights ranged 
miscellaneously along a lever; the lever would, therefore, be an 
imaginary line passing from the region of the hull to beyond the 
topmast sails. Before we could possibly calculate the moment of 
pressures about a point at the end of a lever, we should have to 
determine the position of the end of the lever from which the 
moments are calculated. Exactly the same thing takes place in 
dealing with sails; we must determine the end of the imaginary 
lever. This point is called the centre of lateral resistance, and 
is the centre of the resistance of the water to lateral or broadside 
motion. Such movement would, therefore, be square, or at right 
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angles to the forward motion of the vessel, and is usually termed 
leeway. The centre of lateral resistance varies in position, but 
it is approximately and sufficiently correct for all practical pur- 
poses at the centre of the immersed longitudinal section, passing 
through the middle line of the ship. In comparing pressures on 
sails to weights on a lever, it is not meant that the actual sail 
acts as a weight, but rather the moment of the wind pressure on 
each sail, varying according to its distance from the centre of 
lateral resistance, has the same effect as a weight on a horizontal 
line in giving a bending or heeling moment. The next opera- 
tion is to find the centre of this wind pressure for all the sail 
area, or, as it is usually termed, the centre of effort. This is done 
by multiplying the area of each sail by the height of its centre 
from the centre of lateral resistance. Then the sum of all these 
moments, divided by the sum of the areas of all the sails, gives 
the vertical height of the centre of effort above the centre of 
lateral resistance. But it is also necessary to have the fore and 
aft position of the centre of effort, and this is obtained by multi- 
plying the area of each sail forward of the vertical line through 
the centre of lateral resistance by the distance of its centre from 
the vertical line. Having found the sum of all these forward 
moments, the same operation gives the sum of all the moments 
aft of the centre of lateral resistance. The difference between the 
forward and after moments, divided by the total sail area, gives 
the distance the centre of effort is forward or aft of the centre of 
lateral resistance. It will, therefore, be on that side on which 
the moments preponderate. (See position of centre of lateral 
resistance R, and centre of effort E, in Fig. 110.) 

We might just notice here that when the centre of effort is 
before the centre of lateral resistance, the tendency of the vessel 
is to fall off from the wind. This is termed slackness. On the 
other hand, when the centre of effort is abaft the centre of lateral 
resistance, the tendency of the vessel is to fly up to the wind. 
This is termed ardency. 

In calculating the position of the centre of effort, only such 
sail as could safely be carried in a fresh breeze is calculated 
upon, and the sails are all supposed to be braced right fore and 
aft. A fresh breeze* is reckoned to blow with a force of 4 Ibs. 
to a square foot of canvas. Thus the total sail area, multi- 
plied by the distance of its centre of effort above the centre of 
lateral resistance, multiplied by 4 lbs., gives the moment of wind 
pressure in foot-lbs. For example, in Fig. 110, if the sail area 
is 10,000 square feet, and the centre of effort above the centre of 


* The pressure equal to a fresh breeze is taken from the British Meteoro- 
logical Office Tables, 
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lateral resistance is 50 feet, and the wind pressure on the sails 
is 4 lbs. per square foot, the heeling moment of the wind pressure 
is 4 lbs. x 10,000 square feet x 50 feet = 2,000,000 foot-lbs., or 
Atha > a = 892 foot-tons. 

Now, supposing the displacement of our vessel to be 2,000 
tons, and the metacentre above the centre of gravity, GM, to 
be 2 feet, what will be the angle of inclination with this force 
of 892 foot-tons wind pressure? We know that the moment to 
hold a vessel inclined at any angle is the righting lever of 
stability, GZ, multiplied by the displacement, D, = foot-tons. 
We have already got the foot-tons of heeling moment—viz., 892, 
so that 


Rog ets Boga Tete Wy 
ap = GL = x99 = OEE. 


We also know that GZ 


G : 
for small angles, so that oy Bie of angle, 


‘44. 
ay 


tion, and reference to the table of natural sines at the end of 
this book shows the angle of inclination to be about 13”. 

The effect of setting top sails and top-gallant sails, and all 
such light sails, wil] now be evident. 

The higher the sail above the centre of lateral resistance, the 
more effect it has in producing large heeling moments, though it 
gives no increased propelling power. Thus, when signs of a 
squall appear, and all topsails are set, these are taken in first, 
for two reasons— 

1. If the vessel has a great metacentric height, and is, therefore, 
very stiff, when the squall strikes her she offers great resistance 
to heeling, with the result, that in such a case the topmasts are 
often carried away, or the sails torn to shreds. 

2. If the ship is tender, and has, therefore, a small metacentrre 
height, the effect of a squall of wind is to incline her to about 
twice the angle to which she would have gone if she had steadily 
and slowly inclined. Indeed, this would happen in any case. 
Many a vessel has been capsized through no other cause than 
this. A vessel with heavy yards, &c., is made stiffer by lower- 
ing these spars and stowing them on deck. The result is simply 
to lower the centre of gravity for the whole ship, and give 
greater metacentric height. 

A point deserving of notice here is, that as the vessel inclines, 


I 


GM x sine of the angle of heel 


= 0:22, sine of the angle of inclina- 
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the effect of a horizontal wind pressure will not be so great as 
in the upright condition, since the surface upon which it blows 
is at an angle less than a right angle. The same applies to sail 
which is not braced right fore and aft. However, our reasoning 
is sufficiently correct for all practical purposes, and the slight 
error, moreover, is on the safe side. Under such conditions, 
the angle of inclination is slightly less than it would other- 
wise be. 

Thus far we have simply considered the effect of a certain 
amount of sail in heeling a particular vessel with a given meta- 
centric height. But let us view the subject from a different 
aspect—viz., in determining some features in the design to carry 
a certain amount of sail at a given angle of inclination. From 
our previous consideration of the causes affecting metacentric 
height, we find that this may be done in two ways. It is known 
that great beam produces a high metacentre, and also, that in a 
deep vessel with comparatively small beam and low metacentre, 
the centre of gravity can be brought down by arranging the 
ballast to obtain the position of the centre of gravity required. 
The opinion is still in some degree prevalent that a vessel with 
a narrow midship section is better adapted for speed than one 
with considerable breadth. These erroneous ideas have been 
entirely upset by the valuable experiments conducted by the 
late Mr. Froude, who clearly showed that of two vessels of 
similar length and equal displacements, the one with the greater 
beam, and consequently of finer ends, was the better design for 
speed. At the same time, this design of vessel, with good beam 
and fine underwater form and ends, is the type which can be 
made stiffest and most capable of carrying great sail area, for it 
not only sends the metacentre high, but in yachts, by placing 
the ballast low, the centre of gravity can be brought down, 

Frictional Resistance.—From a point of speed, however, 
it must be remembered that short vessels encounter greater 
resistance from the friction of the water upon the immersed 
skin than long ones, the first 50 feet of length being the part which 
suffers most from frictional resistance. This is more especially 
so when high speeds are attained. After this length the particles 
of water, having partaken of the onward motion of the vessel, 
naturally offer a diminished resistance. Up to about 8 knots, 
from 80 per cent. to 90 per cent. of the total resistance is due to 
skin friction. 

The necessity, therefore, of keeping the bottoms of vessels 
clean is most important, as a rough surface adds immensely to 
the amount of resistance, a surface of the smoothness of calico 
offering approximately twice the resistance ofa varnished surface; 
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and, of course, sand about two-and-a-half times the resistance of 
varnish. Beyond these speeds, other resistances become very 
important, frictional resistance diminishing to 50 per cent. or 
60 per cent. of the total. 

Wavemaking Resistance.—This is found most in vessels of 
bluff form at the ends, simply because, especially at the fore end, 
the head resistance offered by the 
bluffness, corresponding toa flat board 
moved as shown in Fig. 111, causes 
the water to rise up in front of the 
vessel, and the making of this wave 
means expenditure and loss of power. 
It is not uncommon in vessels of the 
bluff cargo type, of not more than 9 
knots per hour, to create a consider- 
able wave 6 or 8 feet in front of them. 

In vessels bluff at the after end, 
waves are also created at the stern, NOY 
though not to such a marked extent ; @ 
but something else occurs which gives & 
rise to another resistance — viz. :— 

Eddy-making Resistance.—This _ Fie. 111.—Wave anp 
is similar to the effect of the flat board EDDYING¢ MADE By Movine 

: , A Fiat BoarD THROUGH 
moved as shown in Fig. 111. After Wang. 
the water has poured round the edges 
of the board it eddies behind it, and travels in the direction in 
which the board is moved. All the energy needed to produce 
this is loss of power. Just so is it with our actual ship. The 
eddying water being dead the rudder is rendered less efficient, 
and if the vessel be a screw steamer the propeller is also less 
effective ; so that while it is most essential for speed to have the 
entrance of the fore end fine, it is of paramount importance to. 
have the run or the aft end fine, as there is the danger of a 
double resistance—wave and eddy-making—which for high 
spceds assumes enormous proportions. 

Coming back to the subject of design, let us take a yacht 100 
feet long, with a displacement of 200 tons, and a required sail 
area of 5,000 square feet. This would represent, at the rate of 
4 lbs. per square foot, a sail pressure from wind of 


4 lbs. x 5,000 
2,240 


Elevation. 


= 8°9 tons. 


Let the estimated height of the centre of effort above the 
centre of lateral resistance be 40 feet, then 40 x 8-9 = 356 foot- 
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tons heeling moment. This must be balanced by the stability 
at, say, a required angle of inclination of 15°. 

First, we must find the righting lever of stability at this 
angle— 


Displacement x lever, or G Z = moment, 


Moment 
then, ianiapsnren tint lever, or GZ; 
therefor een eee 
ie 200 — meet 


The next operation is to find the height of the metacentre, 
G M, above the centre of gravity, which will give 1:78 = GZ. 


The rule is, GM x sine of the angle of heel = G Z, 


then er SY 
sine of angle 
the sine of 15* = 07258 s 
therefore Las 6°9 feet metacentric height 
; 0:258 ; 


In yachts there is the alternative, where the displacements 
are equal, as to whether it is better to get metacentric height by 
beam, with more or less draught and less ballast, or by increased 
depth and draught, and less beam and more ballast. On this 
point, as the designs of recent fast racing yachts prove, naval 
architect experts differ in opinion in some degree. 

However, in sailing ships, where it is not possible to regulate 
and fix the centre of gravity as on a yacht, whose conditions are 
fairly constant, but which on succeeding voyages carry cargoes 
of varying densities, it becomes necessary to give sufficient meta- 
centric height and stiffness by means of beam. 

In some cases double bottoms are fitted for water ballast, but 
this is not the common practice, since when the holds are full 
and the tanks empty, the effect of the double bottom is to raise 
the centre of gravity of the cargo, and tend to make the vessel 
tender. The combined effect of lofty masts and great sail area 
unite to necessitate greater stiffness. 
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CHAPTER VI. (Secrion VIII). 
STABILITY INFORMATION. 


What stability information should be supplied to a commanding 


officer ? 

It would be rather a difficult matter to answer this question 
to the satisfaction of every naval expert, and non-expert, since 
the purposes for which vessels are built vary so much in their 


1s 4 


feet. 


Righting lever in 


Scale of degrees. 


A, Curve for fully equipped condition. 
B, Curve for coal and stores consumed. 


Angle of maximum stability. A, condition. 


Fia. 112.—Curves or STABILITY OF A STEAM YACHT. 


nature. But it appears that the commanding officer, after 
making himself thoroughly acquainted with the principles of 
the subject, and fully aware of the possible exigencies which his 
vessel may meet, is the fittest and most capable person to decide 
what information is required. It is scarcely necessary at this 
stage to state that officers of all vessels do not need the same 
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information. In the case of a yacht whose condition is practi- 
cally constant, the only change arising from the consumption of 
bunker coal and stores, scarcely any information is required, as 
such a vessel can be designed and built to fulfil certain condi- 
tions and to possess a definite amount of stability. At most, 
therefore, two curves, showing her righting levers and range, 
in the light and equipped condition, can be of any value in 
satisfying her captain of her reserve safety. Fig. 112 represents 
the curves of a steam yacht 152 feet long, 22 feet beam, and 13} 
feet deep. 

Then, again, other vessels are built for special trades, and the 
exact natures and densities of their cargoes being thoroughly 
understood, the naval architect is able to produce a design such 
as will ensure certain conditions of seaworthiness in the loaded 
condition. 

But by far the majority of vessels are built to carry miscel- 
laneous cargoes, those known as tramps carrying anything and 
everything, anywhere. So that while it is impossible to design 
and build a ship specially adapted for every trade, it lies in the 
power of the naval architect or shipbuilder to provide such 
information as will greatly help the commanding officer in under- 
standing what condition of loading and ballasting to avoid, and 
what to adopt, to best make his particular vessel seaworthy. 
The method of supplying curves of stability adopted by Messrs. 
J. L. Thompson & Sons, Ltd., of Sunderland, is certainly a most 
commendable one. Figs. 96 and 97 show sets of curves provided 
by them for two of their steamers. 

In addition to the information on these curves in the case of 
general carrying vessels, there might be provided with great 
advantage and profit to the ships’ officers the following, viz. :— 

(1) A curve of stability when floating at the load draught with 
the least metacentric height compatible with safety, as a guard 
against making the vessel too tender. 

(2) A curve showing the stability when loaded to the hatches with 
the lightest homogeneous cargo likely to be carried of specified 
density or cubic capacity per ton, with a statement of the amount 
of ballast to be carried in order to ensure safety and produce the 
best behaviour. (But it does not follow that the vessel be 
ballasted down to her load waterline to obtain such a condition.) 

(3) A curve of stability with the heaviest cargo likely to be 
carried of specified density or cubic capacity per ton weight, 
together with a statement of how such cargo should be stowed 
in the holds and ’tween decks, so as to ensure sufficient stability, 
and the best behaviour at sea. 

(4) An intermediate curve for a cargo of medium density, and a 
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statement of the quantity of ballast if such is required, to pro- 
duce the best results. 

(5) A most important curve is that showing the best condition 
of a vessel light and in ballast, with an exact statement of the 
amount and position of ballast to be carried to ensure such a 
condition. 

In these days, when water ballast is so extensively used, a 
great amount of ignorance is evinced as to how and where it 
should be stowed to secure the desired results. In some cases 
water ballast is carried only in fore and after peaks, with as little 
temporary ballast as possible in the holds. The effect of this 
in straining the vessel has already been pointed out. The 
commonest method is to fit water ballast tanks throughout the 
whole or part of the length of the bottom, and in some cases to 
make these several feet in depth for part of the length, and yet 
the common practice is to fill them all up when light, regardless 
of the difference in type, proportions, &c., and the result is that 
officers complain of their vessel almost rolling her masts over- 
board. A glance at Figs. 96 and 97 very clearly indicates 
what would be the probable behaviour of these vessels at sea, 
light or with their ballast tanks full. Curves A and B show the 
stability levers of the vessels light, and C and D with the ballast 
tanks full. In all these cases, and especially in Fig. 97, the 
levers are very long for small angles of inclination ; in fact, the 
vessels have too much stability, with the natural and consequent 
result that heavy rolling would most probably be experienced. 
We are thus driven to the truth that the bottom of the ship is 
not always the proper place for all the ballast. As previously 
explained, a better principle sometimes adopted is to fit very 
deep tanks in the region of amidships, which, while increasing 
the displacement, also mitigates the evil of excessive stability. 
It is undoubtedly true that many shipowners are strenuous in 
their endeavours to procure the most favourable features in their 
vessels, but at the same time the absurdity of the fact cannot be 
overlooked that others who are unsparing in lavishing money 
over the internal arrangements of their vessels in order to secure 
the greatest comfort for passengers, are yet so utterly regardless 
of ascertaining the best means of ridding their vessels of the 
great discomfort caused by excessive rolling. 


13 
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CHAPTER VI. (Ssction IX.) 
CLOSING REMARKS ON STABILITY. 


General Results.—Before concluding our considerations of the 
various aspects of the subject of stability, it may be advisable 
to gather up, as briefly as possible, a few of the most important 
facts which have been revealed. 

The centre of buoyancy is the centre of gravity of the displaced 
water, at whatever angle the vessel may be inclined, and through 
which the upward vertical pressures of buoyancy act. 

The transverse metacentre is the point where the vertical line 
through the centre of buoyancy for indefinitely small angles of 
inclination intersects the middle line of the vessel (such middle 
line being the line through keel and masts), and is also the point 
above which the centre of gravity must not rise, in order that 
a condition of stable equilibrium may be maintained. Iv is 
influenced chiefly by beam. 

The metacentre and the centre of buoyancy vary in position 
with every variation of draught, but always occupy the same 
respective positions at any particular draught. Their exact 
positions, when floating upright at any draught, are found from 
curves obtainable from the shipbuilder or naval architect. 

The centre of gravity is the centre of the total weight (not 
bulk) comprising a ship and her entire equipment and cargo. 
It may, therefore, occupy widely different positions for the same 
draught, according to the high or low positions of the weights 
carried. The centre of gravity is found by experiment, as pre- 
viously explained in this chapter. 

The distance between the centre of gravity and the metacentre 
is termed the metacentric height. 

Metacentric height in feet, multiplied by the sine of any angle 
not exceeding 10° or 15° for ship-shaped vessels, gives approxi- 
mately the righting lever of stability, in feet, for that angle. 
Righting lever in feet, multiplied by displacement in tons, 
equals righting moment in foot-tons, 

Metacentric height, or metacentric stability, is, in present 
practice, held to be unreliable beyond the small angles previ- 
ously stated, as it may continue to grow both in the length of 
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the levers and in the extent of the range, or it may rapidly 
deerease and vanish altogether. 

The lever of stability can be ascertained at any angle of inclina- 
tion by finding the position of the centre of buoyancy at that 
angle. The horizontal distance between the vertical lines 
through the centre of buoyancy and the centre of gravity indi- 
cates the righting lever. If the vertical line through the centre 
of buoyancy intersects the centre line of the vessel (that is, the 
line passing through the keel and masts) above the centre of 
gravity, the lever is a righting one; if it intersects below the 
centre of gravity, the lever is an wpsetting one. 

A diagram, showing the levers of stability at all angles of 
inclination when in any particular condition, indicating both 
the angles of maximum levers and vanishing point of stability, 
is termed a curve of statical stability, and is also obtainable from 
the naval architect or the shipbuilder. 

Large metacentric height indicates great stiffness, and small 
metacentric height tenderness, 

Stiffness can be obtained in designing a ship by increasing 
the beam, and thereby raising the metacentre ; and in an actual 
vessel already built, by lowering the weights on board and 
bringing down the centre of gravity. 

If the range of a vessel’s stability is known at the load 
draught with a certain metacentric height, any reduction in 
that height, which can only be effected through the centre of 
gravity, means reduced range and reduced levers of stability, 
and any increase produces both increased levers and range. 

Similar metacentric heights at different draughts produce 
widely different conditions of stability. 

freeboard is also a powerful agent in influencing a vessel’s 
stability, but by itself is no guarantee for either the range or 
the length of righting levers. The greater the freeboard, com- 
bined with a fixed position for the centre of gravity and a fixed 
draught, the longer become the righting levers at considerable 
angles of inclination, and also the greater the range. 

At light draughts, even good metacentric height (such as 
might be admirably adapted for load draught) and great free- 
board, may only produce small range and levers of stability. 

Great stiffness creates rapid movements among waves, and 
tends to heavy rolling, while tenderness conduces to slow, easy 
movements, and general steadiness. 

All vessels endeavour to float among waves in a position 
square to the wave surface. How far they succeed, depends 
chiefly upon the ratio of their period of oscillation in still water 
to the period of the waves among which they are moving. 
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By a vessel’s period of oscillation is meant the time taken to 
perform one complete roll, that is, say from port to starboard, 
when forcibly inclined in still water. The period for large and 
small angles of roll is approximately the same. 

By the wave period is meant the time occupied in the passage 
of two successive wave crests past a stationary object. 

When the period of oscillation is less than half the wave 
period, the vessel will roll with the waves, approximately main- 
taining herself square to their surface, being upright at their 
summit and trough, and at her greatest inclination on the 
steepest part of the wave slope. This could only be accom- 
plished by vessels of extraordinary beam to depth, and also 
when the beam is comparatively small in relation to the length 
of the waves, but is exactly the manner in which a small raft 
would float among waves. 

Although it is most uncommon to find vessels so rapid in 
their movements as to have their period of oscillation less than 
the half wave period, it is not so uncommon to find vessels 
which have been made so stiff as to have a roll period probably 
half the period of the waves they are likely to fall in with, pro- 
ducing synchronism with the waves, or, in other words, keeping 
time, and thus when at their greatest angles of inclination, they 
receive the impulse of the wave, and answer by taking a 
tremendous lurch. 

Synchronism may also occur periodically on a series of waves. 

When it is remembered that waves in different localities, and 
at different times, vary both in length and period, it will be seen 
that it is scarcely possible to always escape the effect of 
synchronism, however a vessel may be loaded. It should be 
noted that in vessels made excessively stiff, the probability of 
synchronism is greatly increased, and on the other hand, with 
the slow rolling ship, though it is not unlikely that occasionally 
she may fall in with waves producing the same effect, neverthe- 
less, taking her all round, she is certainly the steadier and more 
comfortable ship. 

Slow rolling motion, which is conducive to steadiness, may be 
obtained chiefly in three ways :— 

1. By small metacentric height. 

2. By means of resistance agents on the immersed skin in the 
form of bilge keels. 

3. By winging out the weights from the centre to the sides of 
the vessel. 

‘The two latter of these are very safe methods, since they make 
no deduction from the vessel’s stability. The first, however, 
necessitates a correct understanding of the vessels dealt with, 
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for, as previously stated, any reduction of metacentric height 
produces both shorter levers and range. Moreover, what is 
safe and good for one ship may be exceedingly dangerous for 
another, hence the necessity of correct information being pro- 
vided by the designer, and received by the commanding officer, 
in order to ensure safety. 

Synchronism among waves upon a vessel of very small meta- 
centric height and slow rolling period, may cause her to reach 
large angles of inclination, and if the levers and range are very 
short, will greatly increase the possibility of her capsizing. 

Bad loading may thus produce both the dangerous extremes— 
excessive stiffness with heavy rolling, and too much tenderness 
with great lack of necessary stability. 


Synchronism may be destroyed by altering the speed or 
course. 
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CHAPTER Vil 
TONNAGE. 


Contents. —Importance to’Shipowners from an Economical Point of View 
Under Deck Tonnage—Gross Tonnage - Register Tonnage—Deductions 
for Register Tonnage —Importance of Propelling Deduction in Steamers 
—Deep Water Ballast Tanks—Deck Cargoes—Examples of Actual Ship 
‘Tonnages—Sailing Vessels—Suez Canal lonnage—Yacht Tonnage. 


MERCHANT VESSELS. 


Importance to Shipowners.—Ships’ dues, such as pilotage, 
dock, river, &c., are paid upon the register tonnage. Tonnage 
is, therefore, a subject of great importance to the shipowner, 
from an economical point of view. Nevertheless, considerable 
misunderstanding is prevalent as to what tonnage really is. 

Register tonnage does not, as some would imagine, give any 
idea of the size of a vessel, for, an ordinarily proportioned vessel, 
250 feet long, may have a register tonnage of 700, and another 
of identical proportions may have a register tonnage of only 300, 
and yet both vessels may have equal displacements. Thus we 
gather that register tonnage gives no criterion of comparison 
between one vessel and another as to their dimensions, displace- 
ments, or deadweights. 

A glance at a Board of Trade Tonnage Certificate for any 
vessel, or a Register of Shipping, shows three distinct tonnages, 
viz. :—Underdeck, gross, and register. One ton of under deck, or 
gross tonnage, is equal to 100. cubic feet of capacity, so that these 
tonnages may convey some idea of the entire internal capacity 
of a vessel. Register tonnage, however, is a number having no 
dependence upon the internal capacity as a whole, as already 
stated, but is modified by the arrangement of the vessel. 

Under deck tonnage is the total tonnage up to the tonnage 
deck, and is the first part of the vessel measured for tonnage. 


Note.--The tonnage deck is the upper deck in all ships which have less 
than three decks, and the second deck from below in all other ships. 


Under deck tonnage is measured as follows :— 
If the vessel is constructed with ordinary floors, the depth at 
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any part of the length of the vessel to the tonnage deck is 
measured from the inside of the ceiling upon the floors, for 
which an allowance of 24 inches is made, to one-third of the 
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camber of the beam, down at the centre of the beam (see 
Fig. 113). : 

Should the vessel be built with a double bottom, the depth is 
taken from the plating forming the top of the double bottom, to’ 
the height as previously described (Fig. 114). In this case no. 
allowance is made for ceiling, whether the vessel has any or not. 
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Where a vessel is constructed with ordinary floors at one part 
of her length, and a double bottom at another, the depth for 
tonnage is taken out to the ceiling in the one case, and to the 
inner bottom plating in the other, the tonnage in the range of 
each part being taken out separately. 
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The tonnage measurements for breadths are taken from the 
inside of the sparring in the hold, 23 inches being allowed if the 
vessel is so fitted. Sometimes, instead of wood sparring, half 
round iron is rivetted to the reverse frames, especially in colliers. 
In this case the breadths are taken from the half round iron, 
side to side. Where neither sparring nor half round iron is 
adopted, the breadths are taken to the reversed frames, or to the 
inside of the framing. 

The length for under-deck tonnage is measured from the points 
at the extreme ends of the vessel where the inside lines of the 
sparring unite, or in the case where no sparring of any sort is 
fitted, to the points, where lines forming the inside of the framing 
unite (Fig. 115). 

Lhe Board of Trade Surveyor then measures the inside of the 
vessel to the positions indicated, and by means of Simpson’s 
rules the cubic capacity in feet is found. If anything, this 
method of finding the cubic contents by these rules, gives the 
capacity rather under the actual, so that the difference is slightly 
in favour of the’shipowner. In the case of vessels of the raised 
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quarter-deck type, the tonnage deck is the main deck, and where 
the main deck stops, and the raised quarter deck begins, the line 
of the main deck is taken as the tonnage deck, as shown in 
Fig. 116, and the capacity of the raised quarter deck is computed 
separately. 

Gross tonnage comprises the under-deck tonnage, together 
with all enclosed erections in the form of poops, bridges, fure- 
castles, spar decks, awning decks, raised quarter decks, deck 
houses, engine and boiler casings, &c. The only exception, to 
this rule is that the crew’s galley, crew’s w.c.’s, and companions 
are usually omitted in the calculations for tonnage. 

By enclosed erections is meant spaces closed in on all sides; 
for example, poops with closed fronts of wood or iron, bridges 
with closed ends, and forecastles with closed ends. Open-ended 
poops, bridges, forecastles, or deck shelter, used only for the 
protection of passengers from the sea and weather, are not 
included in the gross tonnage. Should, however, any houses 
or store rooms of any kind be constructed beneath an open- 
ended erection, they are reckoned in the gross tonnage. 
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Register tonnage is obtained ftom the gross tonnage after 
certain allowed deductions have been made, and as the various 
dues and charges are levied upon this tonnage, the nature of the 
deductions will form the subject of our next consideration. First 
of all, it must be remembered that no deduction for any space 
whatever is made, unless it be first included in the gross tonnage. 
The deductions allowed, and the conditions required to ensure 
the same, are as follows :— 

1. Crew Space.—This must be available for the proper accom- 
modation of the men who are to occupy it, protected from sea 
and weather, properly ventilated and lighted; must contain 
72 cubic feet and 12 square feet of floor room per man; must 
be occupied exclusively by the crew and their personal property 
in use during the voyage, and reasonable w.c.’s provided. 

2. Master’s Accommodation.—This space must be used exclu- 
sively by him, and be reasonable in extent. 

3. Engineers’ and Officers’ Accommodation.—This includes 
berths, mess rooms, and reasonable w.c.’s used by them alone. 


Note.—A mess room, used by both the captain and the officers, i is not 
deducted for register tonnage. 


4. W.C.’s.—In passenger steamers one w.c. for fifty passengers, 
and not more than twelve w.c.’s altogether, are allowed. 

5. Sail Room.—This refers to sailing ships only, and on 
condition that the room does not exceed 24 per cent. of gross 
tonnage. If it does exeeed this percentage, 24 per cent. only 
of the gross tonnage is allowed. ; 

6. Boatswain's Store.—10 to 16 tons is the usual allowance, 
according to the size of the vessel. 

7. Wheel Room, dc.—Space occupied exclusively for the 
working of the helm, the capstan, the anchor gear, or for 
keeping charts. signals, and other instruments of navigation. 

8. Donkey borlev, when not connected with the engine room. 

9. Deck shelter for passengers, when used only for this purpose, 
and closed at the ends. A sketch of this space should be sub- 
mitted to the Board of Trade, and it might possibly be excluded 
from the tonnage altogether. 

10. Propelling Deduction.— The propelling space includes 
engine and boiler rooms, tunnel, donkey boiler space, if con- 
nected with, and forming part of the main engine space, light, 
and air space. This last comprises all space over or about 
engines and boilers of reasonable extent, and used exclusively 
for the admission of light and air; it must also be safe and 
seaworthy. Any such space admitting light and not air, or air 
and not light, will not be included in the deduction. No stores 
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of any sort must be carried in the propelling space. Store rooms 
or bunkers at the sides of the engines or the boilers will be ex- 
cluded in making up this deduction. These restrictions being 
fully complied with paddle steamers with a propelling space of 
from 20 to 30 per cent. of the gross tonnage will have an allow- 
ance for propelling space of 37 per cent. of the gross tonnage. 
Screw steamers with a propelling space of from 13 to 20 per cent. 
of the gross tonnage will have an allowance for propelling space 
of 32 per cent. of the gross tonnage. If the propelling space is 
less than 20 per cent. in paddle vessels, and 13 per cent. in screw 
vessels of the gross tonnage of the ship, the Board of Trade have 
the option of either estimating the deduction at 37 per cent. in 
the case of paddle vessels, and 32 per cent. in screw steamers of 
the gross tonnage, or, if they think fit, allowing in the case of 
paddle vessels, once and a-half the propelling space tonnage, and 
once and three-quarters the propelling space in screw vessels. 
The latter method is usually adopted. 

When, however, the propelling space amounts to 30 per cent. 
or more of the gross tonnage in the case of paddle vessels, and 
20 per cent. or more of the gross tonnage in the case of screw 
steamers, the owner has the option of having the deduction 
estimated according to the 37 or 32 per cent. respectively, or, if 
he desires, the deduction may be once and a-half the propelling 
space in paddle vessels, and once and three-fourths the propelling 
space in screw vessels. The question arises as to which of these 
methods is more advantageous to the shipowner. Let us see. 
Suppose a paddle vessel has a given gross tonnage of 100, and 
a propelling space of 30} tons. If the 37 per cent. method is 
adopted, the deduction will be 37 tons. If the once and a-half 
method is chosen, the deduction will be 30} + 15} = 453, which 
is certainly preferable from an economical point of view to the 
37 tons deduction. Again, let the gross tonnage of a screw 
steamer be, say, 100, and the propelling space 203, which pro- 
portion is not at all uncommon in vessels of average speed. 
Choosing the deduction of one and three-fourths of the propelling 
space, since the propelling space is over the 20 per cent., the 
actual deduction would be 13 of 203} = 354, which again is con- 
siderably more preferable than 32 as a deduction, and thus when 
we include the other deductions already enumerated, crew space, 
&c., we can easily understand how, in some vessels of compara- 
tively large dimensions, with large propelling space, the register 
tonnage is abnormally small. Take a fine high speed passenger 
paddle steamer with a gross tonnage of, say, 100, and a large 
propelling space (situated amidships, and occupying the bulkiest 
part of the vessel) of, say, 40 tons of actual cubic measurement. 
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The deduction would be once and a-half of 40 = 60 for propelling 
space, which without the other deductions is more than one-half 
the gross tonnage. A similar screw steamer with a gross 
tonnage of, say, 100, and propelling space by actual measure- 
ment of 30 tons would have a deduction of once and three- 
fourths of 30 =52} for propelling space alone, also more than 
one-half of the gross tonnage. These are by no means exagger- 
ated examples. It should be noted, that the higher the actual 
propelling space tonnage is above the 30 per cent. of gross in 
paddle vessels, and 20 per cent. of gross in screw vessels, the 
greater is the proportion of deduction. 

In the ordinary tramp type of cargo steamers of comparatively 
low speed, and where all available space is required for cargo 
and bunkers, in many cases it might be found unwise to 
endeavour to get a propelling space of 20 per cent. of the gross 
tonnage, as this would require a sacrifice of too much space, 
which might be better utilised for bunkers or cargo. In vessels 
of this type, to obtain the 20 per cent. generally implies that it 
is only done by fitting no side bunkers in engine or boiler space, 
or at most, small pockets. However, this is a point needing 
the careful consideration of the shipowner or designer of the 
vessel. 

From the study of these deductions, it is evident that the 
Board of Trade have given every encouragement to the provid- 
ing of suitable accommodation, or at least, reasonable berthing 
for officers, and crew especially, for perhaps of all the comfort- 
less and forbidding human habitations, the forecastles of some 
vessels would claim a foremost place. We have also seen the 
advantage gained by providing, when practicable, spacious and 
well-ventilated engine and boiler rooms. 

Before giving a few examples of the tonnage of actual vessels, 
it may be well to point out one or two items from the Board of 
Trade Tonnage Rules, which might be misunderstood. 

In vessels constructed with double bottoms for water ballast, 
the measurement for tonnage is only taken from the plating of 
_ the inner bottom, when the space between the inner and the 
outer bottom plating, of whatever depth, is certified by a Board 
of Trade Surveyor to be not available for the carriage of cargo, 
stores, or fuel. 

Deep Water Ballast Tanks.—-Should, however, a vessel be 
built with a raised platform in the bottom, or in other words, a 
deep tank, thereby making it possible for cargo, stores, or fuel 
being carried in this space, the depths for tonnage are taken 
down through the platform, or the deep tank, to the height of 
the ordinary floors, deducting the average thickness of ceiling. 
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Fore and after peak tanks, though constructed and intended 
only for water ballast, are included in the measurement for 
tonnage, the depths being taken down to the top of the floors. 
By fitting floors, or partial floors, from the deck or top of the 
peak tank downwards, the tank is excluded from the tonnage. 

Deck Cargo.—Ships engaged in the foreign trade, carrying 
deck cargoes in the form of timber, &c., in spaces not included in 
the measurement of the tonnage of the vessel, have the space 
occupied by such cargo measured when the vessel arrives in 
port, and the cubic capacity being computed, and divided by 
100, gives the tonnage which is deemed register tonnage, and 
charged upon accordingly. Between the 3ist of October and 
the 16th of April, vessels from any port out of the United 
Kingdom are not allowed to carry deck cargoes exceeding three 
feet in height above the deck, under penalty. 

Examples.— 

EXAMPLE I. 


Steam screw collier, 228 feet long. Raised quarter-deck type. 


Gross Tonnage— 


Under deck tonnage, . ° : ° , ° : . 680 

Erections— , 
Raised quarter deck, . : . , ; ‘ A 60 
Poop, . ‘ : ; : : ; : ; ‘ 47 
Bridge, . : - ; : 2 : : : gat 
Lamp room under open forecastle, ‘ : : : 5 
Casings and deck houses on bridge, : ; ‘ 36 
Excess of hatches over 3 per cent. of gross tonnage, . 16 
Total, . : ° : . 964 


Propelling space, 210 = 21:7 per cent. of gross tonnage, therefore the 1? 
of actual propelling space is chosen. 


13 of 210 = 367°5. 


Had the propelling space been less than 20 per cent. of the 
gross tonnage the deduction would only have been 32 per cent. 
of the gross tonnage = 308°4, which makes a difference in the 
ultimate register tonnage of 367°5 - 308-4 = 59:1. In tramp 
vessels of this type it is not very usual for the propelling space 
to exceed the 20 per cent. of gross tonnage. However, it will 
be seen how spacious light and air space in the casings above 
the tonnage deck will greatly assist towards this end. Some- 
times boiler casings are made wide enough for unshipping the 
boilers without interfering with the deck. 

The deductions for the register tonnage in this vessel were as 
follows :— 
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Propelling space, re ie . 367°5 

Chart room, : 5 

Bridge accommodation for officers s, 54 
Soe”, 


Crew space, 3 : : 
Boatswain’s store, ; : LU 
Total, . ° . 459°5 


Gross tonnage, . 964 
Total deductions, . 459°5 


Register tonnage, . 504°5 


ExAmp.teE II. 


Passenger steamer, 200 feet long, with a combined poop and 
bridge, and a topgallant forecastle. 

In vessels of this type, where a high speed is required, the 
propelling space usually exceeds the 20 per cent. of gross tonnage 
considerably, as seen by the following figures :— 


Under deck tonnage, . : . 530 
Poop, bridge, and forecastle, : . 285 
Deek houses and casings, . : . 40 

Gross tonnage, . . 855 


Propelling space measured 235 tons = 27 per cent. of gross 
tonnage. 

The allowance, therefore, is 14 of 235 = 411 (32 per cent. of 
gross = 273°6). 

Deductions for register tonnage are as follows :— 


Propelling space, . , : : oral 
Crew, . . ’ ; a 40 
Passengers’ W.C. rg. 4 


Master’s accommodation and chart room, 7 
Boatswain’s store, 


Total, . ; ; oi472 


Gross tonnage, . 855 
Total deduction, 472 


Register tonnage, 383 
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ExampeceE III. 


Sailing ship, 320 feet long, with a poop and a topgallant 
forecastle. 


Under deck tonnage, . : ; . 2900 
00D, s « ; : - ; : eka 
Forecastle, . 5 : ‘ : . 204 
Houses on deck, . : : : ; 80 
Gross tonnage, . . 3038°9 


Deductions for register tonnage are as follows :— 


Crew space, . ‘ : ; ; ee Se 
Boatswain’s store, : ; ; wigs Sa 
Donkey boiler house, ‘ : : ‘ete 
Sail rooin, . : : : « 20 
Total, . : . ar alb4ey 
Gross tonnage, . 3038°9 


Total deduction, 164°9 


Register tonnage, 2874 


In sailing vessels we always find the gross tonnage large as 
compared with steamers. This is accounted for by the fact, 
that there being no engines and boilers, and, therefore, no 
propelling space deduction, the entire hold space is at the 
disposal of cargo. 

Suez Canal Tonnage.—For ships intended to navigate the 
Suez Canal, a special tonnage certificate is required, since the 
method of computing the nett register tonnage differs in a few 
of its details from the ordinary system. 

The under-deck tonnage is precisely the same. 

The gross tonnage includes, in addition to the under-deck 
tonnage, every permanently-covered and closed-in space on or 
above the tonnage deck without any exception. Such a space 
as a Shelter under a shade deck, open at the sides and supported 
by means of stanchions, would therefore be excluded from the 
gross tonnage. 

The deductions for nett register tonnage are as follows :— 

1. Propelling Space. 


The owner has the option of either of the following methods :— 
(a) The deduction may be one and three-fourths of the actual engine 


ae , a 


TONNAGE. 207 


room as measured for screw steamers, and one and a-half for paddle 
vessels ; or, 

(b) The actual measurement of the engine room, together with the actual 
measurement of the permanent bunkers. 

Note.—Bunkers which are portable, or from which coal cannot be directly 
trimmed into the engine room or stokehole, or into which any access can 
be obtained otherwise than through the ordinary coal shoots on deck, and 
from doors opening into the engine room or stokehole, are not included in 
the measurement in paragraph ()). In no case, except in that of tugs, is 
the actual engine-room allowance to exceed 50 per cent. of the gross tonnage 
of the ship. 


2. Crew space, with the exception of the master’s accommoda- 
tion and stewards’ berths. Should there be a doctor’s cabin, 
this space will only be deducted when the doctor himself is on 
board. 


Not more than 4 tons are allowed for an officers’ and engineers’ mess 
room. 

For a second mess room for boatswain, carpenter, &c., not more than 
24 tons are allowed. 

Should passengers be carried and no eating room be provided for them, 
no deduction whatever is allowed for officers’ and engineers’ mess room. 

When no passengers are carried, a bathroom, used entirely for the officers 
and engineers, is reckoned as a deduction, and even when passengers are 
on board, if there be more than one permanent bathroom, one of such spaces 
is subject to deduction, being considered as specially for the use of officers 
and engineers. 

Not more than 2 tons are allowed for a bathroom. 


3. W.C.’s, exclusively for the use of the crew. 

4, Wheel house, chart house, winch house, look-out house. 

Should the captain be lodged in the chart room, an allowance of 3 tons 
is made for the space occupied by charts. 

5. Cooking houses, used only for the crew. Passengers’ galleys 
are therefore not deducted from the gross tonnage. 

6. A donkey boiler house in a closed space on the upper deck. 
Should, however, the donkey boiler be used for hoisting cargo, 
no deduction is allowed. 

In no case is the sum total of these deductions, with the excep- 
tion of propelling space, to exceed 5 per cent. of the gross tonnage 
of the ship. 

No deduction is made for passengers’ accominodation, captain 
or passengers’ w.c.’s or lavatories, nor luggage store rooms. 

In no case is any space to be deducted from the tonnage, which 
is not first included in the gross tonnage. 


YACHTS. 


Yachts are measured for tonnage in exactly the same manner 
as ordinary merchant vessels, the same deductions being allowed 
for register tonnage. 
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For example, take a yacht 180 feet long. The gross tonnage 
would be comprised as follows :— 


Under deck tonnage, . . 520°5 

Deck houses, ‘ : . 410 

Monkey forecastle, . : 6°1 
Total, : . 5366 


Deductions for register tonnage— 


Propelling space, : . .220°6 
Crew space, : : «(405 
Total, A A Ll! 

Gross tonnage, . - 536°6 


Total deduction, «, rod 


Register tonnage, . 266°5 


Measurement of Yachts for “ Royal Thames” Yacht Club. 
Measure the length of the yacht in a straight line at the deck 
from the fore part of the stem to the after part of the stern - 
post. From this length deduct the extreme breadth. If the 
vessel be iron or steel, this breadth is taken over the plating, 
and if composite or wood, over the planking. The remainder is 
the length for tonnage. If there be any projection of the stem 
or stern posts beyond this length, such projection must be added 
to the length already mentioned for tonnage purposes. Multiply 
the tonnage length by the extreme breadth, then that product 
by half the extreme breadth, and divide the result by 94. The 
quotient will be the tonnage. 
Example.—Steel yacht 200 feet extreme length over stem and stern posts 
28 feet extreme breadth. 
200 — 28 = 172 feet, length for tonnage. 
172 x 28 x 14 


94 = 7172 tonnage Thames measurement, 
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ConTENTS. —Definition—Method of Computing Freeboard—Type of Vessel 
—Nature of Deductions, and Additions to Freeboard—Examples of 
Estimating Freeboard for Different Types of Vessels. 


Definition.—By the term /reeboard is meant the height of the 
side of a ship above the waterline at the middle of her length, 
measured from the top of the deck at the side. Should a wooden 
deck be laid, it is taken from the top of the wooden deck. In 
Fig. 3, « shows the amount of freeboard, which, as will be 
observed, is 2 feet. 

Buoyancy, Structural Strength, Stability, and Freeboard are 
subjects closely related to each other, indeed, the latter depending 
almost entirely upon the other three. Hence the necessity, in 
order to deal intelligently with freeboard, that the reader should 
make himself acquainted with the contents of Ohapters III. to 
VI. inclusive. 

Freeboard is given to a vessel as a margin for safety. For 
instance, it would be possible for a ship to float with her deck 
edge level with the water; but in such a condition, having no 
reserve buoyancy she possesses no rising force, and would, there- 
fore, be submerged beneath every wave, to say nothing, more- 
over, of the possible effect of such a condition upon her stability. 

The amount of freeboard for a particular vessel is modified by 
the type, structural strength, erections on deck, sheer, camber, 
&c. It must be borne in mind, however, as previously shown, 
that such freeboard can only fully perform its chief function, 
and be a real resource of safety, after a proper adjustment of 
cargo has been carried out in the operation of loading. The 
effect of freeboard on stability has already been dealt with in 
Chapter VI. 

Flush-decked steamers, other than spar and awning-decked, 
and equal in structural strength to 100 Al at Lloyd’s, or equi- 
valent strength at Bureau Veritas, or the British Corporation or 
other classifying association, require from about 20 per cent. to 
35 per cent. reserve buoyancy, according to their dimensions. 


14 
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This enables a vessel of suitable proportions to carry with safety 
a deadweight for which her structural strength is adapted, and 
to endure without damage the severe strains incurred when 
among waves, already discussed in Chapter IV. 

Therefore, all vessels below the standard of the one-, two-, and 
three-deck type in structural strength, are compelled to carry a 
smaller deadweight in proportion to their dimensions, ‘with the 
result that they have increased reserve buoyancy, and, conse- 
quently, increased freeboard. Hence the spar-decked vessel, as 
will be seen further on, requires a larger percentage of reserve 
buoyancy than the one-, two-, and three-deck vessel; and the 
awning-decked a larger percentage of total reserve buoyancy 


Scale of Cubic Feet Capacity. 
4000 8000 12000 16000 20000 


SCALE OF DEPTHS 


Fic, 117.—Curve oF Cusic Fret or Capacity. 


than the spar-decked one, which results in both cases in 
providing increased freeboard. Sailing vessels require rather 
more reserve buoyancy than steamers. 

An examination of the Board of Trade Tables for such vessels 
shows that this is the standard worked upon, the aim being to 
give a freeboard such as will secure the stipulated amount of 
reserve buoyancy, and thus give to vessels of suitable dimen- 
sions sufficient strength for the total weight, including cargo, to 
be carried, and the rising power and stability (when properly 
loaded) requisite, when exposed to heavy weather, to ensure 
safety. 

Now, suppose we had a flush-decked vessel, classed 100 Al at 
Lloyd’s, to which we wished to assign a freeboard producing 20 
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per cent. reserve buoyancy. To find this accurately, it would 
be necessary to construct a curve of capacity, identical in its 
construction with a displacement curve, except that it shows 
the internal volume up to the deck, and instead of a scale of 
tons at the top, the scale would represent cubic feet of 
capacity. 

Fig. 117 represents such a curve for a vessel 16 feet depth 
moulded. It, therefore, comprises the total buoyancy of the 
vessel up to the deck. This is found to be, say 20,000 cubic 
feet total buoyancy. 20 per cent. of 20,000 = 4,000 cubic feet 
to be left above the load waterline = reserve buoyancy. 

20,000 — 4,000 = 16,000 cubic feet from the keel to the load 
waterline. This equals the vessel’s load displacement, which 
gives by the scale a draught of 14 feet, and a freeboard of 2 feet. 

But, as is evident, this method entails considerable labour, 
and would necessitate a copy of the vessel’s lines being supplied 
to the Board of Trade or Registration Society fixing the free- 
board, and, therefore, in order to obviate this, another method 
is adopted, which, though not strictly accurate, is sufficiently 
correct for all practical and working purposes. 

In the last chapter we saw how the Board of Trade Surveyor 
measured the vessel for tonnage, and the results obtained provide 
the means of estimating the requisite freeboard. 

In Chapter I. it was shown how coefficients of fineness of 
displacement were obtained, and in a similar manner a coefficient 
of fineness is obtained from the tonnage under the upper deck, 
and this, combined with the dimensions of the ship, as will be 
explained, serves the same practical purpose, in referring to the 
Freeboard Tables, as would the actual volume of the ship. 

The coefficient of fineness is ascertained as follows :—For one-, 
two-, and three-deck, and spar-decked vessels, divide 100 times 
the total tonnage (1 ton measurement being 100 cubic feet) 
below the upper deck (exclusive of any deductions) by the 
product of the extreme length over the stem and the stern 
posts on the load waterline, the extreme breadth over the 
plating, and the depth of the hold.* In awning-decked vessels, 
divide the tonnage to the main deck, by the product of the 
length, the breadth, and the depth of the hold to the main 
deck. In the case of vessels built with cellular double bottoms, 
a modification or correction has to be made in estimating the 
coefficient. It should, however, be remembered that the co- 
efficient obtained is that of a vessel built with ordinary floors. 

*The depth of hold used in ascertaining the coefficient of fineness is 


taken to the top of the ceiling in iron and steel sailing vessels, and to the 
top of the floors in steamers, 
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As an example, the tonnage under the upper deck of a certain 
vessel is 78:4 


78'4 x 100 = 7,840 cubic feet. The length is 100 feet, 
The breadth extreme is 16 feet, 
The depth of hold is 7 feet, 
100 x 16 x 7 = 11,200. 


7840 


Worn 0°7 Coefficient of fineness, 


and this coefficient is that used, in conjunction with the depth, 
to find the freeboard for this particular vessel from the Tables. 

The greater the depth of the vessel, the greater the freeboard. 
The depth from which the freeboard, as ascertained by the 
Tables, is measured, is the moulded depth, which is taken from 
the top of the keel to the top of the upper deck beam at the 
side, at the middle of the length, When a wooden deck of 
extra thickness is fitted, the excess of thickness is added to 
the moulded depth, and the freeboard taken upon this new 
depth. Now, as we have already pointed out, the structural 
strength is a most important consideration in determining free- 
board, the strongest ship with suitable proportions having the 
least freeboard. The strongest vessel is the one-, two-, and three- 
deck type, classed 100 Al at Lloyd’s, or any other vessel, classed 
or unclassed, but of equivalent strength. Next, we have the 
spar-decked, and, lastly, the awning-decked vessel. 

In assigning freeboard, the term “spar-decked vessel” applies 
to all vessels equal to, or in excess of, the strength of Lloyd’s 
Spar-deck Rule, but do not reach the structural standard of 
the three-deck requirements. The freeboard, therefore, depends 
upon their strength. The standard height for a spar-deck is 
7 feet; therefore, since the freeboard is measured from the 
spar-deck, it will be increased if the ’tween deck height is 
more, and decreased if it is less than 7 feet. 

In like manner, an awning-decked vessel is one equal to, or 
exceeding Lloyd’s structural requirements for awning-decked 
vessels, but which does not reach the standard for the spar-deck 
type. In this case also, the freeboard varies with the strength. 
When the strength of the superstructure above the main deck 
is less than is required by Lloyd’s 100 Al Awning-deck Rule, 
the freeboard is increased. The awning deck may, therefore, be 
classed as simply an erection above the main deck, and since the 
freeboard is measured from the main deck, no modification is 
necessary in respect to the height of the awning deck above the 
main deck. The freeboard of awning-decked vessels classed 
100 Al at Lloyd’s is approximately one-twelfth the moulded 
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depth of the vessel less than would have been required had it 
been built to the three-deck Rule, and flush decked. 

No account is taken of erections above the awning deck of 
vessels of this type. This also applies to spar-deck vessels with 
but one exception. Since the longitudinal strains of vessels are 
greatest in the region of amidships, it follows that any efficient 
erection over this part of the length must add greatly to the 
strength. Such an erection receives full credit in assigning 
freeboard in the three-decked heavy deadweight carrier. <A 
similar erection in the form of an efficient bridge on a spar- 
decked vessel, extending over and protecting the engine and 
boiler openings for at least two-fifths of the vessel’s length, also 
receives recognition on account of its addition to strength and 
protection, though not in so great proportion as in the three- 
decked type. Thus such an erection on a spar-decked vessel of 
20 feet moulded depth to main deck, merits a reduction of 
3 inches on the freeboard. 

For the sake of comparison, let us see the differences of fzee- 
board in a vessel of each of these types—three-decked, spar- 
decked, and awning-decked, classed 100 Al at Lloyd’s. Let the 
length in each case be, say, 300 feet, the coefficient of fineness °7, 
and the depth to main, spar, and awning deck 25 feet, the spar 
and awning deck each being 7 feet above the main deck. 


The vessei of the first type would have a freeboard of 5 feet 04 inches. 
The spar-decked would have a freeboard of . ; Gee A 
The awning-decked would have a freeboard of . O15 sti ae 


But even after the coefficient of fineness is found, there are 
certain modifications to be carried out before the exact freeboard 
is arrived at, and these modifications will next be dealt with. 

Let it be understood that only vessels equal in strength to 
Lloyd’s 100 Al will be considered. Vessels below this standard 
have increased freeboard :— 

1. In spar-decked vessels, having iron-spar decks, and in 
awning-decked vessels having iron main decks, the freeboard 
required by the tables should be measured as if those decks were 
wood-covered. Also, in vessels where 7%, or more, of the main 
deck is covered by substantial enclosed erections, the freeboard 
found from the tables should be measured amidships from a 
wood deck, whether the deck be of wood or of iron. In apply- 
ing this principle to vessels having shorter lengths of substantial 
enclosed erections, the reduction in freeboard, in consideration 
of its being measured from the iron deck, is to be regulated in 
proportion to the length of the deck covered by such erections. 
Thus, in a vessel having erections covering ,°5 of the length, the 
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reduction is 4%, of 34 inches (the thickness of the wood deck), 
or 2 inches. 

9. In flush-deck vessels of the one-, two-, and three-deck type, 
or those with erections extending over less than ;4, of the length, 
having iron upper decks, and not sheathed with wood, the advan- 
tage of having the actual moulded depth reduced by the usual 
thickness of a wood deck is allowed, a slightly reduced freeboard 
being thereby obtained. Thus, a vessel of this type with 19 feet 
10 inches moulded depth, with no laid wood deck, would be 
reckoned as 19 feet 6 inches depth in the tables: Taking the 
coefficient of fineness of this vessel at *7, referring to the free- 
board tables, the freeboard at 19 feet 10 inches depth would 
have been 3 feet 74 inches, where, owing to the reduction of the 
depth to 19 feet 6 inches, the freeboard is 3 feet 64 inches, an 
inch reduction being obtained, which may mean an increase in 
the displacement, and thereby an increase in the deadweight of 
12 or 14 tons. 

3. Correction for Length.—The freeboard tables show that in 
addition to the coefficient given with every depth, a fixed length 
is assigned. For example, a vessel with a coefficient of 0°7, and 
a depth of 16 feet, a length of 192 feet is assigned, but if the 
length of our vessel with the same coeflicient and depth be, say, 
212 feet, a correction must be made for the additional 20 feet 
of length. Wherever the standard length is exceeded, the free- 
board is increased, and wherever it is less the freeboard is 
diminished. The greater the proportion of length to depth, the 
greater the freeboard. The correction varies from about | to 
9 inches for a change of 10 feet in length. In the case before 
us, the correction is 1 inch per 10 feet, and thus for 20 feet it is 
2 inches, which has to be added to the specified freeboard in the 
table. Had the vessel been 10 feet less than 192, the freeboard 
would have been reduced by 1 inch. The reason for this is 
easily understood when we remember that the vessel with 
greatest depth to length is the one most capable of resisting 
longitudinal bending, and therefore best adapted to carry the 
most deadweight. Where, however, steam vessels with top- 
gallant forecastles, having long poops or raised quarter decks 
connected with bridge houses, the whole extending over 7; 
or more, of the length of the vessel, the correction for excess 
of length should be half that specified in the tables ; so that if 
the vessel we have taken as an example complied with these 
conditions, the freeboard would only have been increased by 
1 inch, simply because with so great a length of substantial 
erections, the vessel has practically been increased in depth, and 
consequently the proportion of depth to length is decieased. 
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The correction for length in spar-decked vessels varies from 
about 1 to 2 inches per 10 feet, and for awning-decked vessels 
from 4 to 1 inch. 

4. Sheer.—The Board of Trade specify a mean sheer for all 
types of vessels. Mean sheer is the sum of the sheers at the 
ends of the vessel, or at whatever part of the length it is speci- 
fied, divided by 2 (see Fig. 13). 

Any increase in the mean sheer means an increase in the 
reserve buoyancy, and exactly where it is much needed—viz., 
at the ends, giving additional rising power when the ship dips 
into the trough of a sea, not to mention the increase of free- 
board. This excess of buoyancy is recognised by the Board of 
Trade, and a deduction allowed in the freeboard according to 
the amount of the excess of sheer. 

For all flush-decked vessels, the mean sheer is found by 
dividing the length by 10, and adding 10 to the result. Thus 


a vessel 300 feet long will have a mean sheer of ate + 10 = 40 


10 
inches. 

Flush-decked vessels of the one-, two-, and three-deck type, 
with or without a short poop, a topgallant forecastle, and a 
bridge house completely closed in at the ends, or a long poop, 
or a raised quarter deck connected with an efficiently closed-in 
bridge house, where the sheer is greater than in the Table, and 
is of a gradual character, the reduction in freeboard is found by 
dividing the difference between the actual sheer and the mean 
sheer provided for in the Table, by 4. For example, a vessel 300 
feet long, with a mean sheer of 46 inches, has a reduction in the 
freeboard of ee = : = 13 inches. No allowance is given 
to spar- and awning-decked vessels for excess of sheer; but in 
any of these types, where the actual mean sheer is less than the 
mean sheer by the rule, the difference divided by 4 gives the 
increase of freeboard required for reduced reserve buoyancy. 

Line 1 in the Table (p. 216) is for vessels having short poops or 
forecastles only, or when in addition, there is a bridge house 
with alleyways open at one or both ends. In these vessels the 
important point is not the amount of sheer at the ends of the 
vessel, for great additional buoyancy is given there already by 
the erections, but over the length uncovered by substantial 
erections. Therefore, in this particular case, the sheer is 
measured at one-eighth the vessel’s length from stem and stern. 
One-fourth the difference between the mean sheer and the actual 
is approximately the amount of increase or decrease of freeboard, 
as the case may be. 
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LENGTH OVER WHICH SHEER IS MEASURED. 
ns 
100 | 150 | 200 | 250 | 300 | 350 | 400 

| 


Mean Sheer in Inches over the Length specified. 


No. l, : ; 14 18 22 26 30 34 38 
No. 2, : : 144 183 23 27 31 354 40 


Line 2 in the Table is for vessels having short forecastles only, 
and in this case the sheer is measured at points (1) one-eighth 
from the stem, and (2), at the stern post, and correction for 
additional sheer is made as in the previous case. 

Note.—In flush-decked vessels, and in vessels having short poops and 


forecastles, the excess of sheer upon which an allowance is made is not 
more than one-half the total standard mean sheer for the size of the ship. 


5. Round of Beam.—The stipulated round of midship beam is 
a quarter of an inch to the foot. Here, again, any excess in the 
round of beam means an increase of reserve buoyancy, and an 
allowance is made in the freeboard. When the round of beam 
in flush-decked vessels is greater or less than that given by the 
Rule, divide the difference in inches by 2, and diminish or 
increase the freeboard accordingly by this amount. 

ExAmp_e.—The beam of a vessel is 40 feet, and the round of beam as 
measured is 12 inches. This is 2 inches more than is required by the Rule, 
therefore 2 = 1 = amount of decrease of freeboard. Where the deck is 
partially covered with erections, the amount of the allowance for round of 
beam depends upon the extent of the upper deck uncovered. 


This rule for round of beam does not apply to spar- and awning- 
decked vessels. 

6. Corrections for Erections on Deck.—By erections on deck 
is meant all closed-in structures erected above the upper deck of 
vessels built to the one-, two-, or three-deck rule,—for example, 
bridges, poops, forecastle, raised quarter decks, partial awning 
decks, &c. Now, erections such as those enumerated add greatly, 
according to their proportions, to the reserve buoyancy, and, as 
in the case of sheer and camber, the merits of the values of these 
erections and additions to the reserve buoyancy and structural 
strength are fully considered by the Board of Trade, and de- 
ductions in the freeboard allowed accordingly. In assigning 
allowances for erections, the complete awning deck is the standard 
worked from. 

As has already been pointed out, in taking out the freeboard 
for a vessel with an awning deck, the coefficient of fineness and 
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the depth are both taken to the main deck, and not to the awning 
deck, and the freeboard is assigned and measured down from the 
main deck. The awning deck thus comes to be what might be 
termed a complete erection, extending all fore and aft, and 
covering the main deck. All other erections partially covering 
the vessel have their deductions on the freeboard made as a frac- 
tional part of a percentage of the allowance for a complete awning 
deck. The reader will easily see that a complete erection such as 
an awning deck is always better than a partial one, comparing 
length for length ; for instance, an erection covering three- 
fourths of the vessel’s length cannot be taken on equal merits 
with three-fourths of the awning deck, since it is evident that 
a well has been created on the weather deck in some part of the 
vessel’s length, forming a break in the longitudinal strength of 
greater or less importance, and a means thus provided, to some 
extent, for lodging seas on board, or the possibility created of 
bulkheads being damaged, d&c., therefore, three-fourths’ erections 
do not receive the same credit as three-fourths of the awning 
deck, but a less fractional part. Again, the allowance varies 
with the nature of the erections. This we shall endeavour to 
show by arranging the erections according to their respective 
values. 

Taking a vessel 204 feet long, and, therefore, with an awning 
deck of the same length, we shall see, by the allowances made 
for the various erections, how much of the 204 feet of awning 
deck is credited for at the rate of such allowances. This, it is 
hoped, will better enable the reader to grasp the comparative 
values of the erections. 


Let the moulded depth of the vessel be 17 feet, and the coefficient of 
fineness *7. 
The freeboard, had the vessel been flush-decked, to the two-deck rule 

would have been 2 feet 104 inches. 
The freeboard, had the vessel been awning-decked, would have been 
1 foot 4 inches. 


2 feet 104 inches — 1 foot 4 inches = 1 foot 64 inches = 184 inches, 


this difference being the allowance for the awning deck. 


Note.—For a raised quarter deck, 4 feet high, and connected with a 
bridge house, covering the engine and boiler openings with an eftlicient 
bulkhead at the fore end, the allowance is made as though it were a part 
of the actual bridge, and equal in height. A decrease is made in the 
deduction, if the raised quarter deck extends over the engine and boiler 
openings, or if it is less than 4 feet high. 


The deductions for erections are as follows :— 
1. When the combined length of poop, or raised quarter deck, 
connected with a bridge house covering in the engine and boiler 
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openings, and with an efticient bulkhead at the fore end, and top- 
gallant forecastle is— 

(a) 3% of the length of the vessel, 

the deduction is 325, of the allowance for a complete awning deck. 
Freeboard is 388, of 184 inches = 153 inches, and is in proportion 
to an awning deck 192°5 feet long. 

(b) 38, of the length of the vessel, 

the deduction is 773; of the allowance for awning deck. Freeboard 
is 378, of 184 inches = 13% inches, and is in proportion to an awning 
deck 191°2 feet long. 

(c) #5 of the length of the vessel, 

the deduction is ;%,8; of the allowance for awning deck. Freeboard 
is °8, of 184 inches = 113 inches, and is in proportion to an awning 
deck 183°6 feet long. 

(d) 38; of the length of the vessel, 

the deduction is 75,95 of the allowance for awning deck. Freeboard 
is 3%, of 184 inches = 94 inches, and is in proportion to an awning 
deck 170 feet long. 

These comprising the maximum reductions, it is essentiai that 
the erections be of a most substantial character, the deck openings 
effectually protected, the crew berthed in the bridge house, or 
with satisfactory arrangements to enable them to get backward 
and forward to their quarters, and sufficient clearing ports in the 
bulwarks to speedily clear the deck of water. Vessels of this 
type having no topgallant forecastle are allowed a less deqdue- 
tion in the amount of freeboard than would otherwise be given 
for the same length of erections. And if the bridge be a short 
one, in front of, and only partially covering the engine and 
boiler openings, again a less deduction is made. No allowance 
is granted for a monkey forecastle under 4 feet in height, and 
only when it is of at least the height of the bulwarks. 

Note.—A special allowance is made on the freeboard of vessels of the 
foregoing or we/l-decked type when their erections extend over 4% of their 
length, when their bridge bulkheads are specially strengthened, and when 
the area of their water clearing ports in the bulwarks is at least 25 per cent. 
in excess of the rule requirements. Such additional allowance must not 
exceed 2 inches. 


2. In vessels with topgallant forecastles, short poops, and 
bridge houses covering engines and boilers in steamers, with 
efficient iron bulkheads at their ends, when the combined length 
of erections is— 

(a) 38; of the length of the vessel, 

the deduction is 2 of the allowance for awning deck. Freeboard 
is 2 of 184 inches = 74 inches, and is in proportion to an awning 
deck 163°2 feet. 

(b) 34; of the length of the vessel, 

the deduction is 4 of the allowance for awning deck. Freeboard 
is 3 of 184 inch s = 61 inches, and is in proportion to an awning 
deck 170 feet (apparently a little out of proportion), 
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3. In vessels with topgallant forecastles and bridge houses only, 
covering engines and boilers in steamers, with efficient iron bulk- 
heads at the ends, when the combined length of erections is— 


(a) 45 of the length of the vessel, 
the deduction is 3%; of the allowance for awning deck. Freeboard 
is 3°, of 184 inches = 54 inches, and is in proportion to an awning 
deck 153 feet. : 

(b) 3° of the length of the vessel, 
the deduction is 4 of the allowance for awning deck. Freeboard 
is ¢ of 18} inches = 43 inches, and is in proportion to an awning 
deck 170 feet (apparently a little out of proportion). 

The apparent increase in the length of the awning deck in the latter case 

makes no practical difference in the deduction. 


4, In vessels with only topgallant forecastles and poops, the 
latter with an efficient bulkhead at the fore end, when the com- 
bined length of erections is— 


(a) = of the length of the vessel, 
the deduction is 5 of the freeboard for the vessel flush decked. 
Freeboard is 4, of 345 inches = 33 inches, and is in proportion to 
an awning deck 102°9 feet. 

(b) 2 of the length of the vessel, 

the deduction is +35 of the freeboard for the vessel flush decked. 
Freeboard is +35 of 344 inches = 2? inches, and is in proportion to 
an awning deck 121°3 feet. 

5. In vessels with topgallant forecastles only, the deduction 
in freeboard is only one-half in proportion to the previous case 
(No. 4). Thus, were the erections 2 of the length of the vessel, 
the deduction would be ;4, of freeboard for the vessel flush- 
decked = 132 inches. 

6. In vessels with poops only, the allowance is one-half that 
for the previous paragraph (No. 5) for forecastles only of the 
same length. Thus, did the length of the poop equal 2 erection, 
the deduction would be 52, of freeboard for the vessel flush- 
decked = # inch. 

7. In vessels with raised quarter decks only, not less than 
4 feet high, the deduction is at the same rate as in the preceding 
paragraph (No. 6). 

8. In all vessels when the topgallant forecastle is not closed 
at the after end by an efficient bulkhead, the length is never to 
be estimated at a greater full value than } of the length of the 
ship, but any extension beyond this, may be estimated at one- 
half the value. For example, a vessel 200 feet long has an 
open forecastle + of the length of the ship, or 50 feet; its 
value for deduction is 25 + 124 = 374 feet. When the top- 
gallant forecastle has an efficient bulkhead with an elongation 
abaft that bulkhead, the full allowance is given on the entire 
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length of the closed-in portion, and afterwards according to 
the previous example. 

9, When the poop has no bulkhead, one-half its length is 
allowed for at the rate of a closed poop. 

10. For bridge houses extending from side to side of the 
vessel, when closed at the fore and open at the after end, with 
all deck openings, doors, &c., properly protected, # of the length 
is estimated as the value for deduction. When both ends of the 
alleyways are open, one-half of the length is estimated as the 
value for deduction. 


Note.—Although it is possible to have occasional gales in the summer 
season aS severe as any in winter, yet it is quite unnecessary to remind 
anyone acquainted with the sea that it is in the latter of these seasons 
that boisterous weather is looked for. And thus in summer, when the 
danger from the weather is decreased, there is no reason why a vessel 
should not be allowed, to some extent, to carry more cargo than in winter. 
The Board of Trade, therefore, allow a deduction from the winter freeboard 
for summer voyages, amounting from 1 to 6 or more inches. Summer 
voyages from European and Mediterranean ports are to be made from 
April to September inclusive. In other parts of the world, the reduced 
freeboard should be used during the corresponding or recognised summer 
months. Vessels, however, engaged in North Atlantic trades, are required 
to have an addition to their freeboard, varying from 3 to 6 or more inches. 


A few examples illustrating how the freeboard is ascertained 
for different types of vessels may be helpful in showing the 
practical application of the freeboard rules, &e. 

Let it be understood that by Tables A, B, C, and D is meant 
the freeboard as specified by the Board of Trade for vessels of 
various types. 


Table A.—Flush-decked vessels of the one-, two-, and three-deck type. 
Table B.—Spar-decked vessels. 

Table C.—Awning-decked vessels. 

Table D.—Sailing ships. 


EXAMPLE I. 


Flush-decked screw steamer, 300 feet long, 38 feet broad, and 
21 feet depth moulded (no account is taken for any erection re- 
quired for this vessel). 


Sheer forward, 8 feet. 

Sheer aft, eg: 

Coefficient of fineness, 0°8. 

Wood deck on upper deck, 4 inches thick. 
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Ft. In 
By Table A, for 21 feet depth moulded, the freeboardis . eA 
The mean sheer, by rule, for a vessel 300 feet long is 
si + 10 = 40 inches. 
In the example the vessel has 8 feet 0 inches sheer forward, 
and3 ,, 0 ,, sheer aft, 
2)11 , 0 ;, 
5 ,, 6 ,, = 66 inches mean 
sheer, 
which is an excess of 66 — 40 = 26 inches (only half of 
40* = 20 inches is allowed), th -refore, 
7 5 = reduct on in freeboard, . ; : : 5 
3 10 
The freeboard 4 feet 3 inches from Table A was for a vessel 
252 feet long. A correction of 1°2 feet per 10 feet of addi- 
tional length must now be made and added to the freeboard. 
300 — 252 = 48 
= x 1:2 = 5°76, about 53 inches, . . - 53 
4 3% 
If the stringer plate on the deck is, say, } inch thick, and the 
wood deck is 34 inches above the stringer plate, 4 inches will 
be deducted, . : P : ; : : : * ; 4 
3 113 
Less for summer, : : ; 24 
Summer freeboard measured down from the top of the beamat) 3 9g } 
the side of the vessel at the middle of the length,. . Sar, 


EXAmMPLe II. 


This vessel is identical in every respect with Example L, 
except that she has a raised quarter deck 4 feet high and 100 
feet long, connected with a bridge house 80 feet long, with closed 
ends, and a topgallant forecastle 30 feet long closed at the after 
end. The upper deck is iron uncovered with wood. 

These erections altogether measure 100 + 80 + 30 = 210 feet. 

210 


300 = i erections. 
If we turn back to the remarks on /rections in this chapter 


we find that zs erections are allowed a reduction in the freeboard 


equal to = of the allowance for a complete awning deck. 


* See Sheer. 
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Ft. In. 
By Table A, the freeboard of the vessel flush decked is F «aS 
The correction for additional sheer is . : : 4 ' . 64 
3 84 
By Table C, for a depth of 21 feet, the freeboard is . , <, cae 
(No account is taken of additional sheer in awning-decked vessels). 
The allowance for a complete awning deck is : : : ete! ek 
63 ; ; 7 ; 
T00 of 1 foot 64 inches = about 114 inches = allowance for 10 erections. 
Now let us total up all the deductions. 
1. Deduction for excess of sheer = : ; : : : ; 63 
2. Deduction for i erections = . : : : : 114 
3. Deduction for the thickness of a wood deck when the upper 
deck is of iron, and covered by 19 oF more of substantial 
erections, ; 3 : : : : : : : : 4 
Deductions, . ; Pee es 
We have still to make the correction for excess of length. 
a x 1:2 = 5°76. But only one-half of this should be taken, 
since the deck is covered by over a erections. 
5°76 —- 2 = 2°88 = 23 inches to be added to the freeboard, there- 
fore the nett deduction will be 1 foot 10 inches less 23 
inches = 1 foot 7% inches. 
The freeboard by Table A is . . : : ; : onary 
The deductions amountto . : : d é - : ae 
Winter freeboard, ; “ : ; . : Ree | 
Less for summer, : : . : : : : 2 
Moulded summer freeboard, : : : : «) Se eee 


ExampteE ITI. 


This vessel has the same dimensions as Example L., with a 
poop 50 feet long, a bridge house 60 feet long, and a topgallant 
forecastle 40 feet long. 

Tron upper deck uncovered with wood. 

Coefficient of fineness = 0°8. 

The bridge house is closed at the fore end with an efficient 
bulkhead, but open at the after end. Three-quarters of its 
length will, therefore, be reckoned in the erections. 
2 of 60 = 45 feet. 
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Total erections, 50 + 45 + 40 = 135. 


eae oer 
300 = T0 erections. 


The mean sheer at one- eighth the length from each end of 
the vessel is 40 inches. 


Ft. in. 
By Table A, the freeboard is, . ; a 4 3 
The mean sheer by the Rule is 30 inches. 
40 — 30 = 10 excess of sheer, + =2 = 24 reduction in freeboard, . 24 
AOE 
Correction for length (added), . 4 : , ° : : 52 
4 6} 
By Table C, the freeboard is, . pe. 
Correction for length, at the rate of 0°6 foot per ‘10 feet, is 
= x 06 = 2} to be added, : : . . ° : 23 
2 43 
_ By Table A, after corrections for sheer and length have been 
made, the freeboard is, : 4 6} 
By Table CG, after correction for length only has been made, 
the freeboard i is, : : Fi “ 4 ; : 2 43 
Allowance for complete awning deck = . ° é ‘ : 2 13 
The reduetion in freeboard for “ erections is 4 of the allow- 
ance for a complete awning-deck = 4 of 2 feet 14 inches = 
84 inches. 
By Table A, after the corrections for sheer and art have 
been made, the freeboard is, z 4 64 
Reduction for S erections, : : * : : ‘ ; 8s 
3 9F 
Reduction for wood deck +5 of 34 = : 13 
Winter freeboard, . ; : : : : d 3 81 
Lessfor summer, . ; : : : ; 24 
Moulded summer freeboard, . ° : : : 3 53 
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ExamMPe IV. 
Spar-decked steamer 260 feet long, 36 feet broad, and 24 feet 
depth moulded. 
Height of spar deck above main deck, 7 feet. 
Spar deck laid with wood deck 4 inches thick. 
Coefficient of fineness = 0°8. 
Depth moulded to main deck = 17 feet. oer 
» mM. 


By Table B, for 17 feet depth moulded, the freeboard is, . 3 6 44 
This is for a length of 288 feet. A correction must be made 

for decrease in length at 1 inch per 10 feet, and subtracted 

from the freeboard. 


288 — 260 = 28. 
ra x 1 = 2:8 = about 23inches, . - 23 
6 1} 
Reduction for wood deck, 4 
Winter freeboard, . : : ‘ é : : 5 93 
Reduction for summer, ; ; : , 3 
Moulded summer freeboard, . : . ° : 5 6% 


EXAMPLE V. 


Awning-decked vessel 230 feet long, 32 feet broad, and 17 feet 
depth, moulded to main deck. 

Height from main deck to awning deck, 7 feet. 

Coefficient of fineness, 0°8. 

Mean sheer, 35 inches. 


Tron awning deck. 
Ft. in 
1 


By Table C, for a depth of 17 feet the freeboard is, . ; : 54 
The mean sheer by the Rule is = + 10 = 33, and this vessel 
having sheer in excess of the Rule, no correction is made. 
This freeboard is for a vessel 204 feet long. A correction of 
0°5 per 10 feet of additional length must be made, and 
added to the freeboard. 
230 — 204 = 26. 
26 : 
To * 0°5 = 1} inches, : : : 1} 
7 . 1 63 
Deduction for thickness of wood deck, when awning deck is of 
iron, . ; ; : : ; ; ; ‘ : : 34 
Winter freeboard, . ° ; : : . ‘ 1 3} 
Less for summer, . : : . d : 23 
Moulded summer freeboard (from main-deck beams), “1 0 
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EXxAMPLeE VI. 


Sailing vessel 200 feet long, 34 feet broad, 19 feet deep. 
Mean sheer, 40 inches. 
Wood deck 33 inches thick. 


Coefficient of fineness, 0°7. 
Ft. in. 


By Table D, for 19 feet depth the freeboard is,. . . : 3 10 
The mean sheer by the Rule is a + 10 = 80 inches. 


10 
40 — 30 = 10 inches excess of mean sheer, 
re = 24 inches reduction in freeboard, . ° 24 
3 74 
The length by the Rule for 19 feet depth is 190. A correction 
must be made at the rate of 1°2 inches per 10 feet excess 
of length, and added to the freeboard. 
200 — 190 = 10 feet excess of length. 
0 Paie2 = shout 1d imehos 40 be added to the fresboard: it 
3 8} 
Less wood deck, : : ; : . 33 
Summer freeboard, . : : : ° ° é 3 54 


Note.—Wherever definite rules have been quoted in the chapters on 
Tonnage and Freeboard, it will be clearly understood that they have been - 
‘‘extracted ” from the Board of Trade instructions to surveyors. 


15 
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TABLE OF NATURAL SINES AND COTANGENTS. 


a 


Degree. “Sine. | Cotangent. |/Degree.| Sine. | Cotangent. ||Degree.| Sine. | Cotangent. 


———— SS eee 


0 ‘0000 | Infinite. 12 | 2079} 4°7046 


—— EE: 


24 | °4067| 2°2460 


2 | 0043 | 229°1817 || 122 | -2121| 4:6057 || 242 | -4107| 2-2199 
4 | -0087 | 114-5887] 124 | 2164) 4:5107 |] 244 | -4146| 2-1943 
5 |-0130| 76°3900]) 123 | 2206] 4-4193 || 243 | -4186] 2-169] 
1° |-0174| 57-2899]| 13° | 2249] 43314 |] 25° | -4226| 2-1445 
1: | -0218| 45-8293 || 134 | 2292] 42468 || 253 | 4265 | 2-1203 
14 | -0261| 38-1884} 134 | 2334] 41653 || 254 | -4305| 2-0965 
13 | -0305| 327302 || 13% | -2376| 4-0866 |) 253 | -4344| 2-0732 
2 | -0349| 28°6362]) 14° | 2419] 4-0107 || 26° | -4383| 2-0503 
21 |-0392) 25-4517) 142 | -2461| 3-9375 || 262 | -4422] 2-0277 
2k | -0436| 22-9037] 144 | 2503) 3-8667 || 264 | -4461| 2-0056 
2} | -0479| 20-8188] 143 | 2516] 3-7982 || 263 | -4500| 1-9839 
3 | -0523| 19°0811|| 15 | 2588] 3-7320 |] 27° | -4539| 1-9626 
31 | -0566| 17°6105|| 152 | 2630] 3°6679 || 274 | -4578| 1-9416 
34 | -0610) 16-3498] 154 | -2672| 3-6058 || 274 |-4617] 1-9209 
33 | -0654| 15-2570|] 152 | 2714; 35457 || 273 | -4656| 1-9006 
4 |-0697| 14:3006|| 16 | -2756 34874 | 28° | -4694| 1-8807 
4} |-0741| 13°4566 |] 16} | -2798| 3-4308 || 283 | -4733] 1:8610 
44 |-0784| 12:7062|| 163 | 2840] 3-3759 || 284 |-4771) 1-8417 
4$ | -0828| 12-0346 || 163 | -2881| 3-3226 |) 28% | -4809| 1-8227 
5 |-0871| 11°4300]) 17 | -2923| 3-2708 |) 29 | -4848| 1-8040 
54 | -0915| 10-8829) 173 | -2965| 3-2205 || 9292 | -4886| 1-7856 
BL | -0958| 10-3854) 174 | 3007) 3-1715 || 294 |-4924| 1-7674 
53 | +1001) 99310] 173 | -3048| 3-1239 || 293 | -4962| 1-7496 
6 |-1045| 9:5143]) 18 | -3090| 3-0776 || 30° | -5000| 1-7320 
6} |-1088| 9-1309]) 182 |-3131| 3-0325 || 303 | 5037] 1-7147 
64 |1132| 8-7768|) 184 |-3173| 2-9886 || 304 |-5075| 1-6976 
63 |1175| 8-4489|) 182 |-3214| 2-9459 || 30% | 5112| 1-6808 
7 |-1218| 81443|) 19° |-3255| 2-9042 || 31 |-5150| 1-6642 
74 | 1261] 7-8606 || 19} | -3296| 2-3635 || 313 |-5187| 1-6479 
74 |-1305| 7:5957|| 19$ | 3338] 2-8239 |) 314 | -5224| 1-6318 
7% |-1348| 73478] 193 | 3379] 2-7852 || 313 | -5262| 1-6159 
8 |-1391| 7:1153|| 20° | -3420| 2-7474 || 32 | -5299| 1-6003 
8: |-1434| 6-8968]] 20} | -3461| 2-7106 || 321 | 5336] 1-5849 
sh |-1478| 66911) 208 | -3502| 2-6746 || 324 | -5373| 1-5696 
83 |-1521| 6-4971 || 203 | 3542] 2°6394 || 323 |-5409| 15546 
9 | +1564] 63137]) 21 |-3583| 2-6050 || 33° | -5446| 1-5398 
91 |-1607| 6:1402]) 213 | -3624| 25714 |} 331 | -5492| 1-5252 
94 | -1650| 5-9757|) 214 | 3665] 2:53886 || 334 | -5519| 1:5108 
9? | +1693] 5-8196]) 213 | -3705| 2-5065 || 333 | -5555| 1-4966 


10 ‘1736| 5°6712 || 22 | 3746) 2°4750 34 | °5591| 1°4825 
10% | ‘1779 5°5300 || 227 | °3786| 2°4443 344 | 5628 | 1°4686 
104 | °1822 5°3955 || 224 | 3826) 2°4142 343 | 5664] 1°4550 
10% | °1865 5°2671 || 22% | 3867] 2°3847 342 | 5699 | 1°4414 
ll "1908 5'1445 || 23 | °3907| 2°3558 35 | 5735] 1°4281 
\lg | °1950| 5:0273 || 232 | 3947) 2°3275 35¢ | 5771) 1°4149 
11g | °1993 4°9151 || 234 | °3987] 2°2998 354 | 5807 | 1°4019 
113 | -2036 4:8076 || 232 | 4027] 2°2726 35% | 5842 | 1°3890 


TABLE or NaturAL SINES AND COTANGENTS. (continued), 


13763 
13638 
13514 
13391 
13270 
1:3150 
13032 
12915 
1:2799 
12684 
1:2571 
12459 
1:2348 
12239 
1-2130 
1-2028 
1°1917 
1°1812 
1-1708 
11605 
1°1503 
11402 
11302 
1:1204 
11106 
1/1009 
10913 
10817 
1-0723 
10630 
10537 
1-0446 
1-0355 
1-0265 
1:0176 
10087 
10000 
9913 
‘9826 
‘9741 
9656 
9572 
‘9489 
9407 
‘9325 
9243 
9163 
9083 


Cotangent. 


FREEBOARD, 


‘7431 
481 | -7460 
484 | "7489 
48% | -7518 
49° | -7547 
494 | -7575 
491 | -7604 
493 | +7632 
50 | °7660 
50} | -7688 
504 | -7716 
503 | -7743 
Slt TT) 
513 | -7798 
514 | :7826 
513 | -7853 
52 | -7880 
522 | -7906 
524 | -7933 
523 | -796U 
53 | °7986 
532 | -8012 
534 | 8038 
538 | -8064 
54 | -S090 
542 | 8115 
544 | -8141 
543 | +8166 
55 | 8191 
55} | 8216 
554 | $241 
553 | +8265 
56 | -8290 
563 | -8314 
564 | -8338 
563 | -8362 
57 | 8386 
574 | -8410 
574 | 8433 
573 | -8457 
58 | :8480 
582 | -8503 
584 | -8526 
583 | +8549 
59 | -8571 
592 | -8594 
594 | :8616 
593 | -8638 


9004 
8925 
"8847 
8769 
8692 
8616 
8540 
8465 
‘8391 
8316 
"8243 


‘8170 
‘8097 
"8025 
"7954 
7883 
‘7812 
‘7742 
‘7673 
‘7604 
°7535 
"7467 
°7399 
"7332 
*7265 
‘7198 
Why 
"7067 

7002 
‘6937 

‘6872 
6808 

"6745 

‘6681 

6618 

6556 
6494 
6432 
6370 
‘6309 
6248 
6188 
6128 
‘6068 
‘6008 


*8660 
‘8681 
8703 
8724 
"8746 
‘8767 
"8788 
"8808 
8829 
8849 
‘8870 
"8890 
8910 
8929 
"8949 
8968 
‘8987 
9006 
9025 
9044 
9063 
‘9081 
"9099 
9117 
9135 
9153 
9170 
‘9187 
"9205 
‘9222 
"9238 
9255 
927] 
"9288 
9304 
9320 
°9335 
°9351 
9366 
9381 
"9396 
941] 
"9426 
9440 
"9455 
"9469 
9483 
"9496 


Sine. | Cotangent. 


‘5261 
5205 


5095 
5040 


‘4931 
‘4877 
"4823 
‘4769 
"4716 
4663 
4610 
4557 
4504 
*4452 
"4400 
"4348 
4296 
4244 
4193 
4142 
‘4091 
4040 
"3989 
3939 
3888 
3838 
3788 
‘3738 
3689 
3639 
3590 
3541 
3492 
3443 
3394 
3345 
3297 
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5773 
0715 
5657 
5600 
5543 
5486 
5429 
5373 
‘5317 


‘5150 


‘4985 
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TABLE oF NATURAL SINES AND COTANGENTS (continued). 
a ne 


Degree.| Sine. | Cotangent. || Degree. Sine. | Cotangent. || Degree.| Sine. | Cotangent. 


| a ee | Ge (one 


72 |-9510| 3249 || 78} |-9790| -2080 |] 84% | 9953} -0962 
721 | -9523| -3201 || 784 |-9799| 2034 |} 843 |-9958| 0918 
721 | -9537| -3152 |) 78% | -9807| -1989 |} 85 |-9961) -0874 
723 | -9550| 3105 || 79 |-9816| ‘1943 |} 853 | 9965} -0830 
73° |-9563| °3057 || 79 |-9824| ‘1898 |] 85% | -9969| “0787 
73} | 9575 | 3009 |} 79$ |-9832| +1853 || 85$ | 9972) “0743 
734 |-9588| -2962 || 79% |-9840| 1808 || 86 | 9975) -0699 
738 | -9600| -2914 |} 80 |-9848| ‘1763 || 86} | 9978} “0655 
74° |-9612| -2867 || 803 |-9855| -1718 |) 864 | 9981] “0611 
744 | -9624| -2820 || 804 | -9862| -1673 || 86% | 9983) -0567 
741 | -9636| -2773 || 80% |-9869| +1628 || 87 | 9986] “0524 
743 | -9647| 2726 || 81 |-9876| *1583 || 873 | 9988] “0480 
75. |-9659| -2679 || 81} |-9883| °1539 || 874 | 9990) 0436 
754 | -9670| -2632 |) 814 |-9890| 1494 |} 872 | 9992| 0392 
754 |-9681| 2586 || 812 |-9896| “1449 || 88 | :9993| 0349 
753 | 9692| -2539° || 82 |-9902| -1405 || 884 | 9995] -0305 
76 | -9702| -2493 |) 824 |-9908] °1360 || 884 | 9996} 0261 
763 |-9713| 2446 || 824 |-9914] +1316 || 88% | 9997] -0218 
764 | -9723| -2400 || 822 |-9920] +1272 |) 89 | -9998} -0174 
763 | -9733| -2354 || 838 |-9925| -1227 || 893 | 9999] -0130 
77° |-9743| -2308 |) 83} |-9930| ‘1183 || 89% | -9999| -0087 
774 |-9753| +2262 || 834 | -9935| -1139 |} 89% | 9999] -0043 
774 | -9762| -2216 || 83% | -9940| -1095 || 90 |1°0000] -0000 
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Tue Author desires, in conclusion, to call the attention of such of his 
readers as have some mathematical attainments to an able Paper, read 
before the Institute of Marine Engineers, on Jan. 12, 1892, by Mr. John 
A. Rowe, Surveyor to the Board of Trade. From this Paper, which was 
kindly placed at his disposal, he has made the following extract, which 
will be found of much interest :— 


DYNAMIC STABILITY AND OSCILLATIONS AMONG WAVES. 


‘* Most of you are aware that in computing the rolling period of a ship— 
that is, the time in seconds she will take to roll from the vertical and back 
again—she is somehow or other regarded as a pendulum. This is a correct 
view to take of the matter if the subject is approached in a proper direction. 
But many able men have been perplexed by what has appeared to be the 
contradiction between theory and practice. For instance, most of you are 
aware that the period T of a bob-pendulum in seconds is: 


Leneth in feet R ate 
T= 3°1416 x nection = Matumivieal sone G2 1) A [a5 =" 


R is the length of the pendulum in feet. 


In this formula it is clear that the period of a pendulum varies as the 
square root of its length. 

For the smooth water period of a ship the formula is somewhat different, 
and is as follows :— 


ar ~ Radius of Gyration squared _ R2 
T = 3'1416 _ sts tances! Deel Bab tteeesiace bewte = * pom 
ai Gravity x Metacentric Height poe at 


GM 
The radius of gyration and the metacentric height to be in feet. 

An examination of this formula reveals the fact that a vessel’s rolling 
period varies directly as the radius of gyration, and inversely as the square 
root of the metacentric height. If GM be increased in length, the vessel’s 
period will be shortened, and she will become a quicker roller than before. 
But practical men, looking at the usual diagrams, have reasoned thus :— 
‘The length GM is the distance between the vessel’s point of oscillation 
and her centre of gravity. If there is any pendulum-like motion in the 
ship it is of necessity about G or M, at a length G M.’ 


exe 
But the formula T = ‘554 x RY — shows clearly enough, as does also 
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is the pendulum len 
The following Fig. has been 


, that R 


ple pendulum 


and GM is something entirely different. 


the formula for a sim 
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constructed by the writer in the hope of simplifying some points not 


generally understood. 
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The vessel is shown upright on the wave-slope. In this position the 
force of buoyancy, which acts at right angles to the wave surface, as it acts 
at right angles to the surface of smooth water, creates a righting arm G Z. 
This length in feet, multiplied by the ship’s weight in tons, is what we 
have called the vessel’s righting moment in foot-tons. In the position we 
have shown her, it is obvious that this power, usually regarded as the 
power of recovery, starts the vessel rolling ; and if, after she had acquired 
a position at right angles to the wave-slope, we could instantly give a smooth 
surface to the sea she would roll through the angle G M O on each side of 
the vertical, and gradually extinguish the range of oscillation by the fluid 
resistance offered to the immersed portion of the hull. 

Again, if GO and M T be drawn at right angles to G M, and T O drawn 
parallel to GM, we obtain a parallelogram of forces, whose resultant M O 
may be regarded as the buoyant force which equals the weight of the ship, 
and whose components are GM and M'l. As GM is acting upward 
through the vessel’s centre line we may disregard it, and direct our atten- 
tion exclusively to the component M T, whose direction is shown by arrow, 
and whose amount is M O x sine of the angle of inclination. 

Let the effective angle of the wave-slope be 9°, the vessel’s weight 
10,000, her metacentric height 6 feet. Find the turning moment about G, 
the vessel’s centre of gravity. 


The component MT=M 0 x sine of 9°=10,000 tons x *156 = 1,560 tons. 


This force of 1,560 acts at the end of the lever GM = 6 feet; therefore, 
the righting, or in this case, the turning moment 


= 1,560 tons x 6 feet = 9,360 foot-tons. 


But the righting moment is the weight of the ship multiplied by the 
righting arm. What is the product of these quantities ? 


Ft. Foot. 
G Z, the righting arm = GM x sine of 9° = 6 x ‘156 = ‘936. 


Tons. 


Foot. 
Righting moment = 10,000 x °936 = 9,360 foot-tons. 


Both calculations declare the righting moment to be 9,360 foot-tons. 

In other words, the weight of the ship into the righting arm G Z = the 
component M T into the metacentric height. If now we plot Y as the 
centre of gyration, we shall be able to realize the nature of the force 
tending to produce motion, and the character of the resistance offered to it. 

Let us for a moment suppose that G is a fixed point—the ship’s fulcrum. 
Let us also regard the ship as a portion of a huge wheel (a portion of a fly- 
wheel) its radius of gyration being G Y. 

By an examination of the Fig. it will be seen that the greater GM is 
(with a given horizontal force M T) the greater is the turning moment. 
And the smaller the radius of gyration G Y, the smaller will be the resist- 
ance and the quicker will be the motion of oscillation. ‘The forces necessary 
to produce and maintain oscillations in a heavy and in a light boat respec- 
tively, will help to an understanding of this problem. The moment of the 
accelerating forces about the centre of suspension varies as the weight of 
the boat. 

To obtain great stability and quick motion, we must increase the leverage 
G M, and reduce the pendulum length G Y ; to obtain moderate stability, 
but a slow angular motion, and, therefore, a comfortable vessel at sea, and 
one offering a steady gun-platform, we must diminish the leverage G M and 
increase the length of G Y. 
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With regard to G Y, which is obtained by dividing the vessel’s moment 
of inertia about G by the sum of the weights, and extracting the square 
root, it is evident that it can be of great length only in a large vessel. In 
a small vessel, G Y can be increased by placing movable weights towards 
the bulwarks, but no such change as this will be sufficient to make the 
radius of gyration great enough to give rise to a slow rate of oscillation. 
An easy motion in small crafts may be obtained by shortening GM, but 
this may give rise to want of stability. Hence the difficulty of builders to 
make a perfect ship. They have to steer between Scylla and Charybdis. 
Worse still, they strive to please shipowners, who know but little of the 
difficulties of naval architecture ; and to please themselves, with the result 
that they sometimes please neither. : 

Wave action upon ships, stores wave energy in ships to an extent depend- 
ing on their weight and length of righting arm; and the manner of ascere 
taining the amount of work put into a ship is as follows:—The force 
M T = 1,560 tons, becomes nil when the vessel’s deck is parallel to the 
wave-slope or toa smooth sea. Therefore the mean force acting to turn 
the ship at M about the centre G is ae o— staal = 780 tons. This mean 
force acts through the space M T = MG x tangent of the angle of inclina- 
tion = 6 feet x *158 = ‘948 foot. And 780 tons x °948 foot = 739°44 foot- 
tons dynamical stability. cae 

Storm-waves produce violent rolling in the largest of floating structures, 
and these structures are occasionally brought to rest by a sudden and com- 
plete expenditure of their stored energy. And the greater the energy in 
the vessel—i.e., the heavier the ship, and the quicker the motion, the more 
tremendous is the blow she can inflict upon an approaching wave. Sut, 
unhappily, when the momentum of an ocean wave is not only resisted by 
a vessel’s hull, but is increased by the dynamic energy of the ship, a climax 
occurs, the severity of the blow is manifested by the vessel ceasing to roll 
(her energy being expended), and by the wave bursting high above the 
decks and sweeping them from end to end. This condition of things. as 
about to happen, the writer wishes to convey in the rough sketch. by 
arrows, showing the direction of the ship’s oscillation and the wave’s 
advance. The Fig. is not by any means to scale.” The projections K K on 
each side of the diagram are short lengths of troughs which, in Mr. Rowe’s 
opinion, would prevent rolling. They are open ended, and the dimensions 
would vary with the weight of the ship and the metacentric height. 
They would probably render torpedo boats habitable in choppy seas and 
stormy weather.—(From paper on “‘ Stability and Motions of a Vessel 
among Waves,” by John A Rowe. Part ii., p. 10, e¢ seq.). 
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BAP EE AB NoDy LX ek: 
TEST QUESTIONS.* 


CHAPTER I. 


1, What is displacement? What is a displacement curve? Explain its 
construction and use. 

2. What is deadweight? What is a deadweight scale, and how is it 
constructed ? 

3. What is meant by ‘‘tons per inch” immersion? Give and explain the 
rule for ‘‘tons per inch” immersion. 

4, Explain how a curve of ‘‘tons per inch” immersion is constructed, 
and show clearly its use. 

5. What is a coefficient of displacement? State approximately the co- 
efficient for an average cargo steamer, and a fine passenger steamer. 

6. What is the weight of 1 cubic foot of salt water and 1 cubic foot of 
fresh water? How many cubic feet of salt water, and also fresh water, are 
there in 1 ton? 

7. Find the displacement of a box ship floating light in sea water at a 
draught of 5 feet forward and 6 feet aft. The length is 100 feet; the 
breadth 20 feet (use mean draught), Ans. 314°2 tons. 

8. When loaded, the box ship in the previous question draws 12 feet of 
water fore and aft. What is the deadweight? Ans. 371°5 tons. 

9. A ship of 1000 tons displacement, loaded, is floating in sea water. 
What will be the change in draught in passing into river water? The 
**tons per inch” at the load line is 9. Ans. Draught increases 1°‘7 inches. 

10. A steamer ona voyage burns 200 tons of coal. The ‘‘tons per inch” 
is 24. What is the approximate change in draught? Ans. Draught de- 
creases 8°3 inches. 

11 A vessel is 200 feet long, 30 feet broad, and of 16 feet depth to top of 
weather deck at amidships. The freeboard is, say, 2 feet, and the coefficient 
of fineness 65. What is her displacement in salt water? Ans. 1560 tons. 


CHAPTER II. 


12. What is meant by saying that a vessel has a righting or a capsizing 
moment? 

13. Define the term centre of gravity. 

14. A ship has a displacement of 2000 tons when floating at a certain 
draught; 100 tons are then placed on deck ata height of 9 feet above the 
- centre of gravity of the ship as it was before the weight was placed on 
board. Find the alteration in the position of the centre of gravity. Ans. 
Centre of gravity is raised ‘42 foot. 


* Many of these questions are taken from Science and Art Examination Papers. 
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15. A ship, with a displacement of 2000 tons, has a weight of 100 tons 
already on board on the centre of the upper deck, moved 8 feet to the port 
side. Find the distance the centre of gravity has shifted. Ans. *4 foot. 

16. The centre of gravity of a ship is 12 feet from the bottom of the keel. 
In this condition her displacement is 2500 tons. She is then loaded in the 
following manner :—100 tons are placed 9 feet above the bottom of the keel, 
300 tons 14 feet, and 500 tons 12 feet. Find the new position of the centre 
of gravity from the bottom of the keel. Ans. 12°08 feet. 


CHAPTER III. 


17. What is meant by buoyancy, reserve buoyancy, centre of buoyancy? 

18. How do water pressures act? Which of them afford support? 

19. What is meant by sheer? and explain its use. 

20. Of what value are deck erections as regards buoyancy ? 

21. What is the vertical centre of buoyancy? also longitudinal centre of 
buoyancy ? 

22. Show how curves of longitudinal and vertical centres of buoyancy 
are constructed. 

23. Supposing a ship’s longitudinal centres of buoyancy to be in the 
middle of the length at every draught when floating on even keel, and she 
is loaded in the following manner :— 


10 tons are placed 30 feet forward of the centre of buoyancy 


120 Ie i 9 +] be 
500 >) 60 3° 39 > 
400 ip 70 feet aft a He 

15 be) 60 > 9 >’) 
150 +3 25 99 99 9° 


Where would a weight of 200 tons need to be placed on board to bring her 
again on even keel? Ans, 18°25 feet aft of the centre of buoyancy. 

24. Why does a ship increase in draught on a comparatively small com- 
partment being damaged below the water level, into which the sea enters? 

25. What is meant by camber, and why is it given to a vessel? State 
the rule for the minimum. 

26. A box ship is 100 feet long, 20 feet broad, and floats at 6 feet draught. 
Calculate the amount of upward water pressure in lbs. Ans. 768,000 lbs. 


CHAPTER IV. 


27. Enumerate in order of importance the principal strains to which a 
ship may be subject. 

23. State clearly what strains a ship may experience when floating light 
and in. calm water. 

29. Show how strains may be decreased or enormously increased in the 
operation of loading. 

30. Describe the strains experienced by a ship among waves—fore and aft 
and athwartships. 

31. Explain the term ‘‘ unequal distribution of weight and buoyancy.” 

32. What is a compressive strain and a tensile strain? 

33. Show in any graphic way how to combine and arrange the material 
used in the construction of ships to give greatest resistance to bending. 
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34. What kind of ships offer greatest resistance to longitudinal bending, 
and which offer least ? 

35. Where are the fore and after strains greatest? Show why. 

36. What is the tendency of strains due to rolling motion? 

37. What strains are supposed to be provided for in vessels built to the 
requirements of the recognized classifying societies? What strains may a 
vessel experience which such rules do not profess to cover? 


CHAPTER V. 


38. Enumerate the parts of a ship’s structure known as transverse framing. 
What is the function of transverse framing? 

39. Describe carefully and in detail how the parts which make up a com- 
plete transverse frame are connected with one another, and also the various 
forms of material which may be used. 

40. What is meant by compensation in ship construction? Give illustra- 
tions. 

41. Give rules for beam knees. 

42. Which are the best beams to fit under iron or steel decks, and also 
under wooden decks? Give illustrations. 

43. What depth must a ship be to require two tiers of beams, and also 
three tiers of beams? 

44. How may the lowest of these tiers be dispensed with, and state 
clearly the compensation made for the loss? 

45. What are web frames? When and where are they fitted ? 

46. State which parts of the transverse framing specially resist the 
tendency to ‘‘ working,” produced by rolling motion. 

47. Mention the parts comprising longitudinal framing. What is the 
function of longitudinal framing? 

48. What means are adopted to secure a good connection between the 
longitudinal and the transverse framing ? 

49. Whatisabarkeel? Howare the parts comprising this keel connected? 

50. What is a keelson and a stringer? 

51. Sketch roughly the different forms of keels and centre keelsons, and 
state which (if any) combination is preferable. 

52. What is the garboard strake? The sheer strake? 

53. How is it that most of the material used in a ship’s construction is 
reduced in thickness towards the ends? 

54. Describe any method adopted to compensate for cutting down a centre 
keelson or reducing a stringer plate in width. 

55. Describe what provision may be made to resist panting strains, and 
also strains from masts due to wind pressure. 

56. What are the special characteristics of a three-deck, a spar-decked, 
an awning-decked, and a quarter-deck vessel? 

57. Why are bulkheads fitted? Show how they are connected to the 
shell plating. To what height are bulkheads carried? How isa recessed 
buikhead made watertight? 

5S. Show how a bulkhead is made watertight where a keelson or stringer 
passes through it. 

59. What is a rimer and a drift punch, and their use? Which is the 
best form of rivet, and why? 
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CHAPTER VI. 


60. Define the term ‘‘ stability.” 

61. What are the two factors producing moment of stability ? 

62. Whatis the metacentre? What is metacentric height? 

63, What is meant by a righting moment of stability ? 

64. State the conditions under which a vessel will float in stable equi- 
librium. 

65. What is the condition of a ship which is said to be ‘‘stiff” or 
‘‘ tender?” 

66. Having given the metacentric height, how can the righting lever be 
found, and when is it unsafe to adopt this method? 

67. Give the formula for finding the height of the metacentre above the 
centre of buoyancy. ' 

68. What features in the design are most important in influencing the 
height of metacentre ? 

69. How can stiffness be obtained? 

70, What is a curve of stability, and how is it constructed ? 

71. It is usual for the metacentre to fall when the draught is increasing 
from light towards the load draught, but on approaching the load it is often 
found to rise again. What explanation can be given for this? 

72. Describe clearly the steps of the operation for finding the metacentric 
height by experiment. F 

73. Describe clearly the effect of beam, freeboard, and height of centre of 
gravity upon the maximum levers and range of stability. 

74. What is tumble home? 

75. State the relation between metacentric height and transverse rolling 
motions in still water. 

76. Enumerate the resistances to rolling motions. 

"7. What are bilge keels, and why are they fitted? What is the danger 
among waves of great metacentric height? 

78, What methods may be adopted to obtain steadiness among waves, 
and state clearly the condition of a vessel effected by each of these methods ? 

79. What is meant by synchronism? How is it produced and how 
averted? What conditions of loading are most liable to produce it? 

80. State how it is that similar metacentric heights for load and light or 
ballast conditions do not produce similar stability and behaviour at sea. 

8]. What are the most important considerations in ballasting as regards 
the amount, position, and securing the ballast? 

82. What is the condition and danger developed by a shifted cargo? 

83. What means may be adopted to prevent a cargo shifting? 

84. State under what conditions a vessel’s behaviour and stability may 
vary upon a single voyage. 

g5. State under what circumstances a ship will sink or capsize, owing 
to the entry of water into the interior, either through an opening in the 
deck or a hole in the side or bottom below the water level. 

86. What are the necessary features or conditions of a vessel in order to 
be able to carry large sail area? 

87. Enumerate the chief resistances to propulsion. 
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CHAPTER VII. 


88. What is meant by gross and underdeck tonnage, and what spaces are 
ncluded in cach? 

89. Enumerate the deductions from the gross tonnage for register tonnage. 

90. How is the propelling space deduction in steamers obtained ? 

91. When are deep water-ballast tanks allowed as deductions, and when 
are they not? 

92. How are deck cargoes reckoned as regards tonnage? 

93. What are the important differences between the ordinary tonnage 
and Suez Canal tonnage ? 


CHAPTER VIII. 


94. What is meant by the term ‘‘ freeboard ?” 

95. What are the leading considerations in determining the freeboard for 
any particular vessel? 

36. Why have spar-decked vessels more freeboard than three-deckers, 
and awning than spar-deckers ? 

97. What effect have sheer, camber, length, and deck erections upon 
freeboard ? 
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AMIDSHIPS, 52. 

Ardency, 186. 

Awning-deck vessels, 66, 86, 87; 
scantlings of, 92, 94. 


B 


BaLLast, Amount of, 154; arrange- 
ment of, 155-157; Means to prevent 
shifting of, 157; Water, 157, 160. 

Ballasting, 154. 

Beam knees, 46. 

Beams, 45, 66, 67, 81 ; Compensation 
for dispensing with, 46-48; Com- 
pensation for loss of, in fire engine 
space, 72. 

Behaviour, Kffect of bilge keels upon, 
151; atsea, how affected, 148, 149 ; 
Alteration of, on avoyage, 149, 150; 
how affected by arrangement of 
weights fore and aft, 153; how 
affected by arrangement of weights 
transversely, 149; how affected by 
metacentric height, 151. 

Bilge, Strengthening of, 48, 49. 

», keels, Effect of, upon rolling 
motions, 141. 

Boiler stools, 70, 71. 

Bosom piece, 43. 

Breast hook, 80. 

Breadth, Extreme, 54. 

» Moulded, 54. 

Bridge over half midship length, 68. 

Bridges, Value of, 53. 

Bulb angle, 45. 

Bulkheads, 94-100; Height of, 95, 96, 
183; liners, 95; longitudinal, 98; 
Number of, 94, 95; recessed and 
means of making watertight, 96, 
97 ; stiffening, 98 ; watertight doors, 
99. 


Buoyancy, 19, 104; afforded by cargo, 
176; Centre of, 21; Curves of 
centres of, 22-25; effect of camber, 
32; Effect of entry of water upon, 
30, 31; Effect of longitudinal bulk- 
heads upon, 177; Reserve, 20; 
Wedges of, 27, 28; forces among 
waves, 145. 

Butts, 43, 50. 

Buttstrap, 100. 


C 


CAMBER, 32, 35. 
Cargoes, Homogeneous, 163; Shifting, 
166. 


Cement washing, 68. 
Centre of effort, 186. 
+r gravity, 14; Height of, 119, 
122. 


Centrifugal force, 145. 

Channel bar, 45. 

Coefficients, 10, 11. 

Collars, 97, 98. 

Compensation, 44. 

Connection of longitudinal and trans- 
verse framing, 51. 

Cotangents, Table of, 226-228. 

Countersinking, 101. 

Cylinders, Stability of, 102. 


D 
DEADWEIGHT, 6. 
ap scale, 5; Relation of, 
to type, 84. 


Deck cargoes, Means to support, 82. 
», erections, Value of, 21. 

Decks, Steel, 67. 

Deck weights, Means to support, 82. 

Depth, Lloyd’s, 54, 66; moulded, 54; 
spar- and awning-deck vessels, 54. 
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Diamond plate, 47, 48. 
Displacement, Coefficient of, 10; 
curve, Construction of, 3-5; Defin- 
ition of, 1; scale, Vertical, 5. 
Double bottom for water ballast, 71. 
Drift punch, 100. 


E 


EncINgE, Foundation plate under, 72; 
seat, 68-70; space, Strenthening of, 
68 ; trough, 70. 

Equilibrium, Condition of, 105; 
neutral, 106; stable, 105; unstable, 
105. 


F 


Fayine surface, 101. 

Flam, 152. 

Flare, 152, 173. 

Floors, 45 ; Depth of, 73, 81 ; Height 
of, 66 ; Thickness of, under engines 
and boilers, 68. 

Foot-ton, 12, 103. 

Frame bar, 44. 

», heel, 53. 
», spacing, 43. 

Freeboard, 7; Corrections upon, for 
erections on deck, 216-220; for 
length, 214; for round of beam, 
216; for sheer, 215 ; Definition of, 
209 ; examples showing how ascer- 
tained, 220-225. 


G 


GARBOARD strake, 53. 

Girder, ship, Strengthening flanges 
of, 53. 

Gravity, 104; force among waves, 
154. 

Gunwale, Strengthening of, 49. 


H 


HEEL piece, 50. 
Hold beams, 66. 


I 


Important terms, Definition of, 54. 
Intercostal plates, 70, 72, 73. 


INDEX. 


KEEL, 49, 50, 53. 

Keelson’s centre, 50, 51, 52; com- 
pensation for reduced depth, 72. 
Keelsons, Position of, 52; Function 

of, 52; Number of, 67. 
Keel scarph, 49, 
Kinetic energy, 140. 


L 


LATERAL resistance, Centre of, 185. 

Leeway, 186. 

Length between perpendiculars, 54; 
Extreme, 56, 65; Lloyd’s, 54; 
Standard of, 67, 68. 

Leverage, 12. 

Loading, 161; Effect of, upon be- 
haviour, 148. 

Longitudinal framing, 33, 49. 

Long piece, 51, 52. 


M 


Mast partner, 84. 

Masts, 82, 83; Strengthening and 
fixing of, to resist strain, 84. 

Material, Distribution of, 36, 37, 38, 
53. 

Metacentre, 104; above centre of 
buoyancy, Rule for, 107 ; Curves 
of, 117, 119, 174; Relation of 
design to height of, 109; Varia- 
tions in height of, 173. 

Metacentric height, Effect of loading 
upon, 111; how found, 119, 122; 
Relation of, to wind pressure, 187. 

Metacentric heights, similar, Hflect 
of, at different draughts, 157 ; 
stability, 106. 

Metal chocks, 96. 

Midship sections, 56-65, 88-93. 

Moments, 12; Calculation of, 13-15; 
righting and capsizing, 12, 


N 


NEUTRAL axis, 38. 
Numerals, Lloyd’s, 55-65, 


INDEX. 


0 


ORLOoP beams, 67. 


P 


PANTING beams, 81; means to pre- 
vent, 80, 81; stringers, 80. 

Pillars, 82. 

Pitching, 151, 152; how affected by 
arrangement of weights, 153. 


Q 


QueEstions, Test, 223. 


R 


RaAIsED quarter deck, 85, 86. 

Repose, Angle of, 168. 

Resistance, Eddymaking, 189; fric- 
tional, 188; wavemaking, 189. 

Reverse bar, 44. 
~e frames, Height of, 66. 

Rimer, 100. 

Rivets, Forms of, 101. 

Rivetting, 100. 

Rolling, 139; among waves, 142; in 
still water, 140; motion of cylinder. 
143, 145; of raft, 143; Resistance 
to, 140, 141; Unresisted, 151. 


S 


Satu area, 185; nature of design to 
carry large area, 188. 

Scantlings, 56-65; Reduction in, 66, 
68. 


Sheer, 20, 21. 

Sheer strake, 53. 

Shell bar, 52. 

Sine, 106. 

Sines, Table of, 226-228. 

Slackness, 186. 

Snap cap, 102. 

Spar-deck vessels, 66, 86, 87 ; Scant- 
lings of, 87, 90, 91. 

Stern frame, Fixing of, 73, 74. 

Stability, Curves of, for actual ships, 
134, 137, 158, 159, 191 ; Curve of, 
for cylinder, 115; Definition of, 
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103; Effect of beam upon, 125, 126; 
Effect of freeboard upon, 126-130; 
Effect of position of centre of gravity 
upon, 130-135; Effect of tumble 
home upon, 135-137; Effect of sheer 
upon, 137, 138; Effect of wedges of 
immersion and emersion upon, 116, 
117; Moment of, 103, 105; Neces- 
sary information upon, 191-193 ; of 
cylinder, 112-116; of different 
types of vessels, 138; Range, of, 
114; Righting lever of, 103; Varia- 
tions in, on a voyage, 168-170. 

Stiff, 105-411. 

Stiffness, Danger of, 142. 

Strains from deck cargoes, 41; in 
dry dock, 42; in loading cargoes 
aground, 42 ; from permanent heavy 
weights, 41; due to loading, 35; 
due to rolling, 40; due to propul- 
sion by steam and sail, 41; when 
floating light; from panting, 34; 
from shipping seas, 42; from water 
pressure, 35; on waves, 36; on 
vessel partly waterborne, 42; Com- 
pressive, 38; Tensile, 38; Types 
of vessels subject to greatest, 39. 

Strength, Relation of, to dimensions, 
66-68. 

Strengthening at aft end of shafting, 
73; Local, 68-84; Longitudinal, 
67; Special, 67, 68. 

stringer plate, Compensation for 
reduction in width of, 73. 

Stringers, Function of, 62; Number 
of, 67. ; 

Struts for twin-screws, 74-80; Method 
of dispensing with, 80. 

Synchronism, 146. 


T 


TENDER, 105. 

Three-deck vessels, 68, 85; Scant- 
lings of, 187-189. 

Tonnage, deep water ballast tanks, 
203, 204; Examples of, 204-206 ; 
Gross, 200; Importance of, 198; 
of deck cargoes, 204; Register, 201 ; 
register, Deductions for, 201-203 ; 
Royal Thames Yacht Club, 208 ; 
Suez Canal, 206; under deck, 198- 
200; Yacht, 207. 7 

l 
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Tons per inch immersion, Definition | Waterlogged vessels, 183, 184. 
of, 7; curve, 8; Rule for, 7; use | Water on deck, 179, 180. 


and application, 8, 9. Water ports, Value of, 180. 
Transome plate, 73, 74. Water pressures, 19, 20. 
Transverse framing, 33, 34. Waves, Theory of, 145. 
Tumble home, 111. Web frames, 47. 
Twin screws, 74-80; Struts for sup- | Web stringer, 47, 48. 
porting, 74-80. . Weight and buoyancy, Relation be- 
Types of vessels, 84. tween, 34; Unequal distribution 
of, 34-36. 
Weight of material in structure to 
WwW strength, Relation of, 33. 


Weights, Effect of moving, upon 

Water, Admission of, above a|__ship’s centre of gravity, 16, 17. 

watertight flat, 178, 179. Wind pressure, 155, 186. 
Water, Admission of, below a water- , 

tight flat, 177, 178; below water- 

level, 171; into an end compart- Z 

ment, 182; through deck opening, 

180, 181. Z-BAR, 45, 
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“‘ Boys COULD NOT HAVE A MORE ALLURING INTRODUCTION to scientific pursuits 
than these charming-looking volumes.’—Letter to the Publishers from the Head- 
master of one of our great Public Schools. 


OPEN-AIR STUDIES IN BOTANY: 


SKETCHES OF BRITISH WILD FLOWERS 
IN THEIR HOMES. 
BY 
R. LLOYD PRAEGER, B.A., M.R.LA. | 
Illustrated by Drawings from Nature by S. Rosamond Praeger, 
and Photographs by R. Welch. 
Handsome Cloth, 7s. 6d. Gilt, for Presentation, 8s. 6d. 


GENERAL ConrTENTS.—A Daisy-Starred Pasture—Under the Hawthorns 
—By the River—Along the Shingle—A Fragrant Hedgerow—A Connemara 
Bog—Where the Samphire grows—A Flowery Meadow—Among the Corn 
(a Study in Weeds)—In the Home of the Alpines—A City Rubbish-Heap— 


Glossary. 

“A FRESH AND STIMULATING book . . . shouldtakeahigh place .. . The 
Tilustrations are drawn with much skill.”—Zhe Times. 

“ BEAUTIFULLY ILLUSTRATED. . . . One of the MOST ACCURATE as well as 


INTERESTING books of the kind we have seen.’ —A theneewm. 

“Redolent with the scent of woodland and meadow.”’—The Standard. 

“A Series of STIMULATING and DELIGHTFUL Chapters on Field-Botany.”’—The 
Scotsman. 

“A work as FRESH in many ways as the flowers themselves of which it treats. The 
RICH STOR Of information which the book contains.”—T7'he Garden. 


OPEN-AIR STUDIES IN GEOhOGY: 


An Introduction to Geology Out-of-doors. 
BY 


GRENVILLE A. J. COLE, F.GS., MBIA, 


Professor of Geology in the Royal College of Science for Ireland. 
With 12 Full-Page Illustrations from Photographs. Cloth. &s. 64d. 


GENERAL ConTENTs.—The Materials of the Earth—A Mountain Hollow 
—Down the Valley—Along the Shore—Across the Plains—Dead Volcanoes 
—A Granite Highland—The Annals of the Earth—The Surrey Hills—The 
Folds of the Mountains. 


“The FASCINATING ‘OpEN-AIR Srupies’ of Pror. CoLk give the subject a GLOW OF 
ANIMATION . . . Cannot fail to arouse keen interest in geology.’—Geological Magazine. 

‘EMINENTLY READABLE . . . every small detail in a scene touched with a sym- 
pathetic kindly pen that reminds one of the lingering brush of a Constable.”— Nature. 

“The work of Prof. Cole combines ELEGANCE Of sTYLE With SCIENTIFIC THOROUGHNESS, "— 
Petermann’s Mittheilungen. ; 

“The book is worthy of its title; from cover to cover it is sTRONG with bracing freshnese 
of the mountain and the field, while its accuracy and THORCUGHNESS show that it is the 
work of an earnest and conscientious student. . . . Full of picturesque touches which 
are most welcome.”—Watural Science. 

‘* A CHARMING BOOK, beautifully illustrated.”—Athenzum. 
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THE FLOWERING PLANT, 


As Illustrating the First Principles of Botany. 
By oR... AINS Wao 2D ADS ee 


Prof. of Biology, University College, Aberystwyth. 
SECOND EpiTIoN. Large Crown 8vo, with numerous Illustrations. 3s. 6d. 


“It would be hard to find a Text-book which would better guide the student to an accurate 
knowledge of modern discoveries in Botany. . . . The SCIENTIFIC ACCURACY of statement, 
and the concise exposition of FIRST PRINCIPLES make it valuable for educational purposes. In 
the chapter on the Physiology of Flowers, an admirable résuemé is given, drawn from Darwin, 
Hermann Miiller, Kerner, and Lubbock, of what is known of the Fertilization of Flowers.”— 
Fournal of Botany. 


HOW PLANTS LIVE AND WORK: 


A Simple Introduction to Real Life in the Plant-world, Based on Lessons 
originally given to Country Children. 


Bry ELEANOR HUGHES-GIBB. 
With Llustrations. Crown 8vyo. Cloth. 2s. 6d. 


*.* The attention of all interested in the Scientific Training of the Young is requested to this 
DELIGHTFULLY FRESH and CHARMING LITTLE BOOK. It ought to be in the hands of every Mother 
and Teacher throughout the land: ; 

‘*The child’s attention is first secured, and then, in language SIMPLE, YET SCIENTIFICALLY 
ACCURATE, the first lessons in plant-life are set before it.”—Natural Science. 

: “In every way well calculated to make the study of Botany ATTRACTIVE to the young.”— 
cotsman 


Sgcomp Eprriox. With very Numerous Illustrations. Handsome Cloth, 6s. 
Also Presentation Edition, Gilt and Gilt Edges, 7s. 6d. 


THE THRESHOLD OF SCIENCE: 


Simple and Amusing Experiments (over 400) in 
Chemistry and Physics. 


Br C. R. ALDER WRIGHT, - D.8c., F.R.S., 


Late Lecturer on Chemistry, St. Mary’s Hospital Medical School. 


‘Any one who may still have doubts regarding the value of Elementary 
Science as an organ of education will speedily have his doubts dispelled, if he 
takes the trouble to understand the methods recommended by Dr. Alder 
Wright.”—Nature. 

‘* Step by step the learner is here gently guided through the paths of Science, 
made easy by the perfect knowledge of the teacher, and made flowery by the 
most striking and curious experiments. Well adapted to become the TREASUBED 
FRIEND of many a bright promising lad.”— Manchester Hxaminer. 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 


ENGINEERING AND scinibaiiesahtadeione 


oe3 


SS 4. 5. Griffin’s Standard Bab lmaticne 


ENGINEERS, ELECTRICIANS, ARCHITECTS, BUILDERS, 
NAVAL CONSTRUCTORS, AND SURVEYORS. 


Applied Mechanics, . 
Civil Engineering, 
Bridge-Construction, 


Design of Structures, . 
Sewage Disposal Works, 


Traverse Tables, 
Light Railways, 
Marine Engineering, 


Engine-Room Practice, 
Design and Construction 


of Ships, 
Stability of Ships, 
The Steam-Engine, . 
The Locomotive, 


PRor. RANKINE, 
Pror. FIDuER, 

S. ANGLIN, . 
Santo Crimp, 

R. L. Gurpen, 
W. H. Cots, 

A. E. SEATon, 

J. G. Liversiner, 


\ Pror, HarvarpD BILEs, 


Sir E. J. Reep, 


RANKINE, JAMIESON, . 39, 


W. F. Perricrew, 


Valves and Valve-Gearing, Cuas. Hurst, 


Gas, Oil, and Air-Engines, 


Boilers : Construction, 
- Management, 


9 Heat Efficiency, 
Chemistry for Engineers, 


Fuel and Water (for 
Steam Users), 


Machinery and Millwork, 
Hydraulic Machinery, . 
Metallurgical Machinery, 


Nautical Text-Books, 


Useful Rules and Tables 


Bryan Donk, 

T. W. TRaIt4t, 

R. D. Mouwro, 

Bryan DonkKIN, . 

Birount & Brioxam, 

SCHWACKHOFER AND 
BROWNE, \ 

Pror. RANKINE, 

Pror. RoBrnson, 

H. C. JENKINS, 


Ed. by Cart. BLACKMORE, 


Prors. RANKINE AND 
JAMIESON, 


LONDON: GHARLES GRIFFIN & GO., LIMITED, EXETER STREET, STRAND. 


for Engineers, &c¢., - 
Electrical Pocket-Book, 


Electrical Price-Book, 


MuNRO AND JAMIESON, 
H. J. Dowsine, . 


The Calculus for Engineers, Pror. Rost. H. Smiru, 


Graphic Tables for. Con- 


version of Measurements, Pror. Rost. H. Smits, 


Marine pena a Pocket- 


Book, 


Nystrom’ S Pocket-Book, 


SEATON AND ROUNTHWAITE, 


Dennis Marks, . 


RANKINE, Browne, J AMIESON, 35, 27, "39 


35 
30 
26 
28 
31 
4] 
39 
34 
38 
38 
32 
34 
31 
29 
4] 
33 
29 
BT 
ye 
35 
37 


62 
45 


36 


43 
43 
40 


40 


39 
33 


26 CHARLES GRIFFIN & 00.8 PUBLICATIONS. 


THE DESIGN OF STRUCTURES: 


A Practical Treatise on the Building of Bridges, Roofs, &c. 


By S. ANGLIN, C.E., 
Master of Engineering, Royal University of Ireland, late Whitworth Scholar &c. 


With very numerous Diagrams, Examples, and Tables. 
Large Crown 8vo, Cloth. 


Seconp Epirion, Revised. 16s. 


3 


The leading features in Mr. Anglin’s carefully-planned “‘ Design of Struc- 
tures ” may be briefly summarised as follows :— 


1. It supplies the want, long felt among Students of Engineering and 
Architecture, of a concise Text-book on Structures, requiring on the part of 
the reader a knowledge of ELEMENTARY MATHEMATICS only. 


2. The subject of GRAPHIC STATICS has only of recent years been generally 
applied in this country to determine the Stresses on Framed Structures; and 
in too many cases this is done without a knowledge of the principles upon 
which the science is founded. In Mr. Anglin’s work the system is explained 
from FIRST PRINCIPLES, and the Student will find in it a valuable aid in 
determining the stresses on all irregularly-framed structures, 


3. A large number of PRACTICAL EXAMPLES, such as occur in the every-day 
experience of the Engineer, are given and carefully worked out, some being 
solved both analytically and graphically, as a guide to the Student. 


4. The chapters devoted to the practical side of the subject, the Strength of 
Joints, Punching, Drilling, Rivetting, and other processes connected with the 
manufacture of Bridges, Roofs, and Structural work generally, are the result 
of MANY YEARS’ EXPERIENCE in the bridge-yard; and the information given 
on this branch of the subject will be found of great value to the practical 
bridge-builder. 


; 
‘Students of Engineering will find this Text-Book INVALUABLE.” —A rchitect. 


“The author has certainly succeeded in producing a THOROUGHLY PRACTICAL Text- 
Book.” — Builder, 


“We can unhesitatingly recommend this work not only to the Student, as the BEST 
Text-Boox on the subject, but also to the professional engineer as an EXCEEDINGLY 
VALUABLE book of reference.” —Mechanical World. 


“This work can be CONFIDENTLY recommended to engineers. The author has wisely 
chosen to use as little of the higher mathematics as possible, and has thus made his book of 
REAL USE TO THE PRACTICAL ENGINEER. . . . After careful perusal, we have nothing but 
praise for the work.” —Nature. 
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In Large 8vo. Handsome Cloth. 10s. 6d. 


CHEMISTRY FOR ENGINEERS. 


BY 
BERTRAM BLOUNT, = ann A. G. BLOXAM, 
Hee wet. 8:, A. LO. E.; Dg 9 Fi MOS Be 
Consulting Chemist to the Crown Agents for Consulting Chemist, Head of the Chemistry 
the Colonies. Department, Goldsmiths’ Inst., 


New Cross. 


GENERAL CONTENTS.—Introduction—Chemistry of the Chief Materials 
of Construction—Sources of Energy—Chemistry of Steam-raising—Chemis- 
try of Lubrication and Lubricants—Metallurgical Processes used in the 
Winning and Manufacture of Metals. 


‘*“The authors have succEEDED beyond all expectation, and have produced a work which 
should give FRESH Pow:R to the Engineer and Manufacturer.’’—Zhe Times. 

“PRACTICAL THROUGHOUT .. . &N ADMIRABLE TEXT-BOOK, useful not only to Students, 
yom to ENGINEERS and MANAGERS OF WORKS in PREVENTING WASTE and IMPROVING PROCESSES.”— 

cotsman. 

“A book worthy to take HIGH RANK . . . treatment of the subject of GASEOUS FUEL 
particularly good. , . , WATER GAS and its production clearly worked out. . . . We 
WARMLY RECOMMEND the work.”—/ournal of Gas Lighting. 


For Companion Volume by the same Authors, ‘‘ CHEMISTRY 
FOR MANUFACTURERS,” see p. 71 General Catalogue. 


Works BY WALTER R. BROWNE, M.A., M.INST.G.E., 


Late Fellow of Trinity College, Cambridge. 


THE STUDENT’S MECHANICS: 
An Introduction to the Study of Force and Motion. 
With Diagrams, Crown 8vo. Cloth, 4s. 6d. 


“ Clear in style and practical in method, ‘THE Stupent’s MEcHANICs’ is cordially te be 
commended from all points of view.” —A theneum. 


FOUNDATIONS OF MECHANICS, 


Papers reprinted from the Zxgineer. In Crown 8vo, Is. 


Demy $8vo, with Numerous ‘Illustrations, 9s. 


FUEL AND WATER: 


A Manual for Users of Steam and Water. 


By Pror, FRANZ SCHWACKHOFER or VIENNA, AND 
WALTER R. BROWNE, M.A., C.E., 


GENERAL CoNTENTS.—Heat and Combustion—Fuel, Varieties of—Firing Arrange- 
ments: Furnace, Flues, Chimney— The Boiler, Choice of-~ Varieties— Feed-water 
Heaters—Steam Pipes—Water : Composition, Purification—Prevention of Scale, &c., &e. 


“The Section on Heat is one of the best and most lucid ever written.” Engineer. 
“Cannot fail to be valuable to thousands using steam power.”—Railway Engineer. 
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SEWAGE DISPOSAL WORKS: 


A Guide to the Construction of Works for the Prevention of the 
Pollution by Sewage of Rivers and Estuaries. 


BY 


W, SANTO CRIMP, M.INstC.E., EG.5,, 


Late Assistant-Engineer, London County Council. 


With Tables, Illustrations in the Text, and 37 Lithographic Plates, Medium 
8vo. Handsome Cloth, 


Sgconp EDITION, REVISED AND ENLARGED. 30s. 


PART I.—aAINTRODUCTORY. 


Introduction. Settling Tanks. 
Details of River Pollutions and Recommenda- Chemical Processes. 
tions of Various Commissions. The Disposal of Sewage-sludge. 
Hourly and Daily Flow of Sewage. The Preparation of Land for Sewage Dis- 
The Pail System as Affecting Sewage. posal. 


The Separation of Rain-water from the Sewage | Table of Sewage Farm Management. 
Proper. 
PART II.—SEWAGE DISPOSAL WORKS IN OPERATION—THEIR 
CONSTRUCTION, MAINTENANCE, AND COST, 


Iustrated by Plates showing the General Plan and Arrangement adopted 
in each District. 


Map of the LONDON Sewage System, Bradford, Precipitation. 
Crossness Outfall. New Malden, Chemical Treatment and 
Barking Outfall. Small Filters. 
Doncaster Irrigation Farm. Friern Barnet. 
Beddington Irrigation Farm, Borough of Acton, Ferozone and Polarite Process. 
Croydon. Ilford, Chadwell, and Dagenham Works. 
Bedford Sewage Farm Irrigation. Coventry. 
Dewsbury and Hitchin Intermittent Fil- Wimbledon. 
tration. Birmingham. 
Merton, Croydon Rural Sanitary Authority. Margate. 
Swanwick, Derbyshire. Portsmouth. 
The Ealing Sewage Works. BERLIN Sewage Farms, 
Chiswick. Sewage Precipitation Works, Dortmund 
Kingston-on-Thames, A. B. C. Process. (Germany). 
Salford Sewage Works. Treatment of Sewage by Electrolysis. 


*,* From the fact of the Author’s having, for some years, had charge of the Main 
Drainage Works of the Northern Section of the Metropolis, the chapter on LoNnDoN will be 
found to contain many important details which would not otherwise have been available. 


“« All persons interested in Sanitary Science owe a debt of gratitude to Mr. Crimp. 
His work will be especially useful to SANITARY AUTHORITIES and their advisers . . - 
EMINENTLY PRACTICAL AND USEFUL . . . gives plans and descriptions of MANY OF THB 
MOST IMPORTANT SEWAGE works of England . . . with very valuable information as to 
the cost of construction and working ofeach. . . . The carefully-prepared drawings per- 
mit of an easy comparison between the different systems.” —Lancet. 


“Probably the MOST COMPLETE AND BEST TREATISE on the subject which has a 
im our language. . . Will prove of the greatest use to all who have the pro of 
Sewage Disposal to face.”— Edinburgh Medical J ournal, 
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Works by BRYAN DONKIN, M.Inst.C.E., M.Inst.Mech.E,, &e. 


GAS, OIL, AND AIR ENGINES: 


A Practical Text- Book on Internal Combustion Motors 
without Boiler. 
By BRYAN DONKIN, M.Inst.C.E., M.Inst.MEcu.E. 


SECOND EDITION, Revised throughout and Enlarged. With numerous 
additional Illustrations. Large 8vo. 25s. 


GeNnERAL ConTeNnTs.—Gas Engines:—General Description—History and Develop~ 
ment—British, French, and German Gas Engines—Gas Production for Motive Power— 
Theory of the Gas Engine—Chemical Composition of Gas in Gas Engines— Utilisation of 
Heat—Explosion and Combustion. Qil Motors:—History and Development—Various 
Types—Priestman’s and other Oil Engines. Hot-Air Engines :—History and Develop- 
ment—Various Types: Stirling's, Ericsson's, &c., &c. 

“<The BEST BOOK NOW PUBLISHED on Gas, Oil, and Air Engines.” —7he Engineer. 


‘*We HEARTILY RECOMMEND Mr. Donkin’s work. . . . A monument of carefud 
labour. ... . Luminous and comprehensive.” —/ournal of Gas Lighting. 


In Quarto, Handsome Cloth. With Numerous Plates. 25s. 


STEAM BOILERS: LAND AND MARINE 


(The Heat Efficiency of). 


With many Tests and Experiments on different Types of 
Boilers, as to the Heating Value of Fuels, &c., with 
Analyses of Gases and Amount of Evaporation, 
and Suggestions for the Testing of Boilers. 


By BRYAN DONKIN, M.Inst.C.E. 


GENERAL CONTENTS.—Classification of different Types of Boilers— 
425 Experiments on English and Foreign Boilers with their Heat Efficiencies 
shown in Fifty Tables—Fire Grates of Various Types—Mechanical Stokers— 
Combustion of Fuel in Boilers—Transmission of Heat through Boiler Plates, 
and their Temperature—Feed Water Heaters, Superheaters, Feed Pumps, 
&c.—Smoke and its Prevention—Instruments used in Testing Boilers— 
Marine and Locomotive Boilers—Fuel Testing Stations—Discussion of the 
Trials and Conclusions—On the Choice of a Boiler, and Testing of Land, 
Marine, and Locomotive Boilers—Appendices— Bibliography—Index. 

‘‘ Very large sums of money, representing’'many millions sterling, have been invested im 
Steam Boilers. and many Engineers are continually studying economy in Coal. The question 
of Heat Erriciency is, therefore, not a small one. . . . We shall not be far wrong in 
estimating that 200 million tons of coal are used annually in generating Steam, of which mMucm 
IS WASTED. Putting the cost per ton at the low average price of 10s, we get about 100 
MILLION POUNDS STERLING as about the ANNUAL VALUE of the jue] consumed under Stationary,, 
Semi-portable, Locomotive, and Marine Boilers. If 10 per cent. or 15 per cent. could be 
economised, a very moderate estimate, it would represent a GREAT GAIN to the world at large.” 
—E£xtract from Author's Preface. 
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SECOND EDITION, Revised. Royal 8vo. With numerous Tilustrations and 
13 Lithographic Plates. Handsome Cloth. Price 30s. 


BRIDGE-CONSTRUCTION 


(A PRACTICAL TREATISE ON): 


Being a Text-Book on the Construction of Bridges in 
Iron and Steel. 


FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS. 
By T. CLAXTON FIDLER, M. Inst. CE, 


Prof. of Engineering, University College, Dundee. 


GENERAL CONTENTS. 


f*Part J. ELEMENTARY STATICS :—Definitions—The Opposition and 
Balance of Forces—Bending Strain—The Graphic Representation of Bending 
Moments. 

Part II.—GENERAL PRINCIPLES OF BRIDGE-CONSTRUCTION :—The 
Comparative Anatomy of Bridges—Combined or Composite Bridges— 
Theoretical Weight of Bridges—On Deflection, or the Curve of a Bended 
Girder—Continuous Girders. 

ParT IIJ.—THE STRENGTH OF MATERIALS :—Theoretical Strength of 
Columns—Design and Construction of Struts—Strength and Construction of 
Ties—Working Strength of Iron and Steel, and the Working Stress in 
Bridges—Wohler’s Experiments. 

Part IV.—THE DesiGN oF BRIDGES IN DegraIL:—The Load on 
Bridges—Calculation of Stresses due to the Movable Load—Parallel Girders— 
Direct Calculation of the Weight of Metal—Parabolic Girders, Polygonal 
Trusses, and Curved Girders—Suspension Bridges and Arches: Flexible 
Construction—Rigid Construction—Bowstring Girders used as Arches or as 
Suspension Bridges—Rigid Arched Ribs. or Suspension Ribs—Continuous 
Girders and Cantilever Bridges—The Niagara Bridge—The Forth Bridge— 
Wind-Pressure and Wind-Bracing : Modern Experiments. 


“Mr. FIDLER’s SUCCESS arises from the combination of EXPERIENCE and 
SIMPLICITY OF TREATMENT displayed on every page. . . . Theory is kept in 
subordination to Practice, and his book is, therefore, as useful to girder-makers 
as to students of Bridge Construction.”— The Architect. 

‘Of late years the American treatises on Practical and Applied Mechanics 
have taken the lead . . . since the opening up of a vast continent has 
given the American engineer a number of new bridge-problems to solve 
. » « but we look to the PRESENT TREATISE ON BripGE-CONSTRUCTION, and 
the Forth Bridge, to bring us to the front again.” —Hngineer. 

“ One of the VERY BEST RECENT WORKS on the Strength of Materials and its 
application to Bridge-Construction. . . Well repays a careful Study.”— 
Engineering. 

“* An INDISPENSABLE HANDBOOK for the practical Engineer.” —Wature. 
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FourtTH EDITION. Folio, strongly half-bound, 21/. 


TRAVERSE TABLES: 


Computed to Four Places Decimals for every Minute 
of Angle up to 100 of Distance. 


For the use of Surveyors and Engineers. 
BY 


RICU ART YEO vr Cu hor Ny, 


Authorised Surveyor for the Governments of New South Wales and 
Victoria. 


** Published with Concurrence of the Surveyors-General for New South 
Wales and Victoria. 


“Those who have experience in exact SURVEY-woRK will best know how to appreciate 
the enormous amount of labour represented by this valuable book. The computations 
enable the user to ascertain the sines and cosines for a distance of twelve miles to within 
half an inch, and this By REFERENCE TO BUT ONE TABLE, in place of the usual Fifteen 
minute computations required. This alone is evidence of the assistance which the Tables 
ensure to every user, and as every Surveyor in active practice has felt the want of such 
assistance, few knowing of their publication will remain without them,.”—Zagmmeer. 


In Large S8vo. With Numerous Illustrations. Price 7s. 6d. 


VALVES AND VALVE-GEARING: 


INCLUDING THE CORLISS VALVE AND 
TRIP GEARS. 


BY 


CHARLES HURST, Practical Draughtsman. 


* CONCISE explanations illustrated by 115 VERY CLEAR DIAGRAMS and drawings and 4 folding- 


plates . . . the book fulfils a VALUABLE function.’—A theneum. 
“Mr. Hurst’s VALVES and VALVE-GEARING will prove a very valuable aid, and tend to the 
production of Engines of SCIENTIFIC DESIGN and ECONOMICAL WORKING. . . . Will be largely 


sought after by Students and Designers.” —Marine Engineer. 

“ USEFUL and THOROUGHLY PRACTICAL, Will undoubtedly be found of GREAT VALUE to 
all concerned with the design of Valve-gearing.”— Mechanical World. 

‘* Almost EVERY TYPE of VALVE and its gearing is clearly set forth, and illustrated in 
such a way aS to be READILY UNDERSTOOD and PRACTICALLY APPLIED by either the Engineer, 
Draughtsman, or Student. . . . Should prove both useruL and VALUABLE to all Engineers 
seeking for RELIABLE and CLEAR information on the subject. Its moderate price brings it 
within the reach-of all.’—Jndustries and Iron. 

_‘“* Mr. Hurst's work is apMrraBLy suited to the needs of the practical mechanic. se 
It is free from any elaborate theoretical discussions, and the explanations of the various 
types of valve-gear are accompanied by diagrams which render them EASILY UNDERSTOOD.” 
—The Scientific American. 
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WORKS BY 
ANDREW JAMIESON, M.INST.C.E., M.IL.E.E,, F.R.S.E., 


Professor of Electrical Engineering, The Glasgow and West of Scotland 
Technical College. 


PROFESSOR JAMIESON’S ADVANCED MANUALS. 
In Large Crown 8vo. Fully Illustrated. 


4. STEAM AND STEAM-ENGINES (A Text-Book on). 
For the Use of Students preparing for Competitive Examinations. 
With over 200 Illustrations, Folding Plates, and Examination Papers. 
TWELFTH EpDITION. Revised and Enlarged, 8/6. 

“Professor Jamieson fascinates the reader by his CLEARNESS OF CONCEPTION ANP 

SIMPLICITY OF EXPRESSION. His treatment recails the lecturing of Faraday."—<A theneum. 

‘“The Best Book yet published for the use of Students.” —Zagineer. 


“Undoubtedly the MosT VALUABLE AND MOST COMPLETE Hand-book on the subject 
that now exists.”—Marine Eneineer. 


2. MAGNETISM AND ELECTRICITY (An Advanced Text- 


Book on). Specially arranged for Advanced and “* Honours” Students. 


3. APPLIED MECHANICS (An Advanced Text-Book on). 
Vol. I.—Comprising Part I.: The Principle of Work and its applica- 
tions; Part II.: Gearing. Price 7s. 6d. SECOND EDITION. 
““FULLY MAINTAINS the reputation of the Author—more we cannot say.”—Pract. 
Engineer. 
Vol. I1I.—Comprising Parts III. to VI.: Motion and Energy; Graphic 
Statics; Strength of Materials; Hydraulics and Hydraulic Machinery. 
Price 7s. 6d. 


‘(WELL AND LUCIDLY WRITTEN.’—The Engineer. 


PROFESSOR JAMIESON’S INTRODUCTORY MANUALS. 


With numerous illustrations and Examination Papers. 


14. STEAM AND THE STEAM-ENGINE (Elementary Text- 


Book on). For First-Year Students. S1xTH EDITION. 3/6 
“Quite the RIGHT SORT OF BOOK.” —Exgineer. 
«« Should be in the hands of EVERY engineering apprentice."—Practical Engineer. 


2. MAGNETISM AND ELECTRICITY (Elementary Text- 
Book on). For First-Year Students. FouRTH EDITION. 3/6. 
‘\ A CAPITAL TEXT-BOOK . . . The diagrams are an important feature.”—Schoolmaster. 
‘“A THOROUGHLY TRUSTWORTHY Text-book. . . .- Arrangement as good as well 
canbe. . . . Diagrams are also excellent. . . . The subject throughout treated as an 
essentially PRACTICAL one, and very clear instructions given.” —Vature. 


3. APPLIED MECHANICS (Elementary Text-Book on). 


Specially arranged for First-Year Students, THIRD Ep1TIoN, Revised 
and Enlarged. 3/6. 


‘“‘Nothing is taken for granted. . . . The work has VERY HIGH QUALITIES, which 
may be condensed into the one word ‘CLEAR.’”—Science and Art. 


A POCKET-BOOK of ELECTRICAL RULES and TABLES. 


FOR THE USE OF ELECTRICIANS AND ENGINEERS. 
Pocket Size. Leather, 8s. 6d. Thirteenth Edttion. 
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Sxoonp Epition. Lnlarged, and very fully Illustrated. Cloth, 4s. 6d. 


STEAM ~=~ BOILERS: 


THEIR DEFECTS, MANAGEMENT, AND CONSTRUCTION, 


By R D. MUNRO, 
Chief Engineer of the Scottish Boiler Insurance and Engine Inspection Company. 


GENERAL CONTENTS.—I. EXPLOSIONS caused (1) by Overheating of 
Plates—(2) By Defective and Overloaded Safety Valves—(3) By Corrosion, 
Internal or External—(4) By Defective Design and Construction (Unsup- 
ported Flue Tubes; Unstrengthened Manholes; Defective Staying ; Strength 
of Rivetted Joints; Factor of Safety)—-II. CONSTRUCTION OF VERTICAL 
BorLters: Shells—Crown Plates and Uptake Tubes—Man-Holes, Mud- 
Holes, and Fire-Holes— Fireboxes— Mountings — Management—Cleaning— 
Table of Bursting Pressures of Steel Boilers—Table of Rivetted Joints— 
Specifications and Drawings of Lancashire Boiler for Working Pressures (a) 
80 Ibs.; (4) 200 lbs. per square inch respectively. 

This work contains information of the first importance to every user of 


Steam-power. It is a PRACTICAL work written for PRACTICAL men, the 
language and rules being throughout of the simplest nature. 


** A valuable companion for workmen and engineers engaged about Steam 
Boilers, ought to be carefully studied, and ALWAYS AT HAND.”— Coll. Guardian. 


“The book is VERY USEFUL, especially to steam users, artisans, and 
young engineers.” —Hngineer. 


By THE SAME AUTHOR. 


KITCHEN BOILER EXPLOSIONS: Why 


they Occur, and How to Prevent their Occurrence. A Practical Hand- 
book based on Actual Experiment. With Diagrams and Coloured Plate, 
Price 3s. 


NYSTROM'S POCKET-BOOK OF MECHANICS 
AND ENGINEERING. Revised and Corrected by W. DENNIS MARKS, 
Ph.B., C.E. (YALE S.s.s.), Whitney Professor of Dynamical Engineering, 
University of Pennsylvania. Pocket Size. Leather, 15s|5 TWENTIETH 
EDITION, Revised and greatly enlarged. 
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In Large 8vo., Handsome Cloth. With numerous Plates reduced from 
Working Drawings and Illustrations in the Text. 


THE DESIGN AND CONSTRUCTION 


LOCOMOTIVE ENGINES. 


WITH AN HISTORICAL INTRODUCTION. 
K PRACTICAL TEXxXT-Bookx 
For the Use of Engine Builders, Designers, and Draughtsmen, 
Railway Engineers, and Students. 
BY 
WILLIAM FRANK PETTIGREW, M.Inst.C.E. 
With a Section on American and Continental Engines. 


BY 


ALBERT F. RAVENSHEAR, BSc., 


Of Her Majesty’s Patent Office. 


Large Crown 8vo. With numerous I]lustrations. 


ENGINE-ROOM PRACTICE 


| A HANDBOOK FOR 
| Engineers and Officers in the Royal Navy and 


6 ¢ 


Mercantile Marine: 


/ ( INCLUDING THE MANAGEMENT ,OF THE MAIN AND 
| AUXILIARY ENGINES ON,BOARD SHIP. 
BY 


JOHN G. LIVERSIDGEH, 


Engineer, R.N., A.M.I.C.E., Instructor in Applied Mechanics at the Royal Naval 
College, Greenwich. 


LONDON : CHARLES GRIFFIN & CO.) LIMITED, EXETER STREET, STRAND, 
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WORKS BY 


W. J. MACQUORN RANKINE, LL.D, F.RS., 


Late Regius Professor of Civil Engineering im the University of Glasgow. 


THOROUGHLY REVISED BY 


WV. de eo eee 9} Oe BT. 


Late Secretary to the Institute of Engineers and Shipbuilders in Scotland. 


I. A MANUAL OF APPLIED MECHANICS : 


Comprising the Principles of Statics and Cinematics, and Theory of 
Structures, Mechanism, and Machines. With Numerous Diagrams. 
Crown 8vo, cloth, 12s, 6d. FirreentH EDIrTIon. 


Il. A MANUAL OF CIVIL ENGINEERING: 


Comprising Engineering Surveys, Earthwork, Foundations, Masonry, Car- 
pentry, Metal Work, Roads, Railways, Canals, Rivers, Waterworks, 
Harbours, &. With Numerous Tables and Illustrations. Crown 8vo, 

cloth, 16s. Twentiera Ep1rton. 


III. A MANUAL OF MACHINERY AND MILLWORK : 


Comprising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &c. Illustrated with nearly 300 Woodcuts, 
Crown 8vo, cloth, 12s. 6d. SrvENTH Epirron. 


IV. A MANUAL OF THE STEAM-ENGINE AND OTHER 
PRIME MOVERS: 
With a Section on Gas, O1L, and Air Enernes. By Bryan DonkxIn, 


M.Inst.C.E. With Folding Plates and Numerous Illustrations. 
Crown 8vo, cloth, 12s. 6d. FourrkentH EDITION. 
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Pror, RANKINE’S WoRKS—(Continued). 


V. USEFUL RULES AND TABLES: 


For Architects, Builders, Engineers, Founders, Mechanics, Shipbuilders, 
Surveyors, &c. With Appenprx for the use of ELECTRICAL ENGINEERS, 
By Professor Jamieson, F.R.S.E, SEVENTH Eprtion. 10s. 6d. 


VI. A MECHANICAL TEXT-BOOK: 


A Practical and Simple Introduction to the Study of Mechanics. By 
Professor RANKINE and E. F. Bamper, C.E. With Numerous Illus- 
trations. Crown 8vo, cloth, 9s. FourtH EDITION. 


*,* The ‘*MxcuanicaL Text-Book" was designed by Professor RaNxKINE as an Lrrro- 
wucrion to the above Series of Manuals. 


VII. MISCELLANEOUS SCIENTIFIC PAPERS. 
Royal 8vo. Cloth, 31s. 6d. 


Part I. Papers relating to Temperature, Elasticity, and Expansion of 
Vapours, Liquids, and Solids. Part I]. Papers on Energy and its Trans- 
formations. Part III. Papers on Wave-Forms, Propulsion of Vessels, &c. 

With Memoir by Professor Tarr, M.A. Edited by W. J. Minar, C.E. 
With fine Portrait on Steel, Plates, and Diagrams. 

“No more enduring Memorial of Professor Rankine could be devised than the publica- 
tion of these papers in an accessible form. . . - The Collection is most valuable on 
account of the nature of his discoveries, and the beauty and completeness of his analysis. 


. ‘The Volume exceeds in importance any ,work in the same department published 
im our time.” —A rchitect. 


SHELTON-BEY (W. Vincent, Foreman to the 


Imperial Ottoman Gun Factories, Constantinople) : 
THE MECHANIC’S GUIDE: A Hand-Book for Engineers and 


Artizans. With Copious Tables and Valuable Recipes for Practical Use. 
Illustrated. Second Edition. Crown 8vo. Cloth, 7/6. 
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SECOND EDITION, Revised and Enlarged. 
In Large S&vo, Handsome cloth, 34s. 


Pee KAULTC. POWER 
HYDRAULIC MACHINERY. 


HENRY ROBINSON, M. INsT. C.E.,, F.GS., 


FELLOW OF KING'S COLLEGE, LONDON; PROF. OF CIVIL ENGINEERING, 
KING'S COLLEGE, ETC., ETC. 


With numerous Whoodcuts, and Sirty=nine Plates. 


GENERAL CONTENTS. 


Discharge through Orifices—Gauging Water by Weirs—Flow of Water 
through Pipes—The Accumulator—The Flow of Solids—Hydraulic Presses 
and Lifts—Cyclone Hydraulic Baling Press—Anderton Hydraulic Lift— 
Hydraulic Hoists (Lifts)—The Otis Klevator—Mersey Railway Lifts—City 
and South London Railway Lifts—North Hudson County Railway. Elevator— 
Lifts for Subways—Hydraulic Ram—Pearsall’s Hydraulic Engine—Pumping- 
Engines—Three-Cylinder Hngines—Brotherhood Engine—Rigg’s Hydraulic 
Engine—Hydraulic Capstans—Hydraulic Traversers—Movable Jigger Hoist— 
Hydraulic Waggon Drop—Hydraulic Jack—Duckham’s Weighing Machine— 
Shop Tools—Tweddell’s Hydraulic Rivetter—Hydraulic Joggling Press— 
Tweddell’s Punching and Shearing Machine—Flanging Machine—Hydraulic 
Centre Crane—Wrightson’s Balance Crane—Hydraulic Power at the Forth 
Bridge—Cranes—Hydraulic Coal-Discharging Machines—Hydraulic Drill— 
Hydraulic Manhole Cutter—Hydraulic Drill at St. Gothard Tunnel—Motors 
with Variable Power—Hydraulic Machinery on Board Ship—Hydraulic Points 
and Crossings—Hydraulic Pile Driver—Hydraulic Pile Screwing Apparatus— 
Hydraulic Excavator—Ball’s Pump Dredger—Hydraulic Power applied to 
Bridges—Dock-gate Machinery-—Hydraulic Brake—Hydraulic Power applied 
to Gunnery—Centrifugal Pumps-—Water Wheels—Turbines—Jet Propulsion— 
The Gerard-Barré Hydraulic Railway—Greathead’s Injector Hydrant—Snell’s 
Hydraulic Transport System—Greathead’s Shield—Grain Elevator at Frank- 
fort—Packing—Power Co-operation—Hull Hydraulic Power Company— 
London Hydraulic Power Company—Birmingham Hydraulic Power System 
—WNiagara Falls—Cost of Hydraulic Power—Meters—Schonheyder’s Pressure 
Regulator—Deacon’s Waste- Water Meter. 

** A Book of great Professional Usefulness." —Jroz, 


*,* The Srconp Epition of the above important work has been thoroughly revised and 
brought up to date. Many new full-page Plates have been added—the number being 
increased from 43 in the First Edition to 69 in the present. 
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Royal 8vo, Handsome Cloth, 25s. 


THESS TA BPPTTY OOPS hie 


BY 


SIR EDWARD J. REED, K.C.B., F.RS., M.P., 


KNIGHT OF THE IMPERIAL ORDERS OF ST. STANILAUS OF RUSSIA; FRANCIS JOSEPH OF 
AUSTRIA ; MEDJIDIE OF TURKEY; AND RISING SUN OF JAPAN; VICE- 
PRESIDENT OF THE INSTITUTION OF NAVAL ARCHITECTS. 


With numerous Illustrations ana Tadles. 


Tus work has been written for the purpose of placing in the hands of Naval Constructors, 
Shipbuilders, Officers of the Royal and Mercantile Marines, and all Students of Naval Science, 
a complete Treatise upon the Stability of Ships, and is the only work in the English 
Language dealing exhaustively with the subject. 


In order to render the work complete for the purposes of the Shipbuilder, whether at 
home or abroad, the Methods of Calculation introduced by Mr. F. K. Barnes, Mr. Gray, 
M. Rezcu, M. Daymarp, and Mr. BENJAMIN, are all given separately, illustrated by 
Tables and worked-out examples. The book contains more than 200 Diagrams, and is 
illustrated by a large number of actual cases, derived from ships of all descriptions, but 
especially from ships of the Mercantile Marine. 


__ The work will thus be found to constitute the most comprehensive and exhaustive Treatise 
hitherto presented to the Profession on the Science of the STABILITY OF SHIPS. 


“ Sir Epwarp REED’s ‘STABILITY OF SHIPS’ is INVALUABLE. In it the STUDENT, new 
to the subject, will find the path prepared for him, and all difficulties explained with the 
utmost care and accuracy ; the SHIP-DRAUGHTSMAN will find all the methods of calculation at 
present in use fully explained and illustrated, and accompanied by the Tables and Forms 
employed ; the SHIPOWNER will find the variations in the Stability of Ships due to differences 
in forms and dimensions fully discussed, and the devices by which the state of his ships under 
all conditions may be graphically represented and easily understood; the NAVAL ARCHITECT 
will find brought together and ready to his hand, a mass of information which he would other- 
wise have to seek in an almost endless variety of publications, and some of which he would 
possibly not be able to obtain at all elsewhere.” —Steamship. 


‘This IMPORTANT AND VALUABLE WORK . . - Cannot be too highly recommended to 
all connected with shipping interests.” —/ron. 


““This VERY IMPORTANT TREATISE, . - . the MOST INTELLIGIBLE, INSTRUCTIVE, and 
COMPLETE that has ever appeared.” —Wature. 


“The yolume is an ESSENTIAL ONE for the shipbuilding profession.” — Westminster 
Review. 


COMPANION-WORK. 


THE DESIGN AND CONSTRUCTION OF SHIPS. 
By JOHN HARVARD BILES, M.Inst.N.A., 


Professor of Naval Architecture in the University of Glasgow. 


In Active Preparation. 
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Thirteenth Edition. Price 21s. 


Demy 8vo, Cloth. With Numerous Illustrations, reduced from 
Working Drawings. 


A MANUAL OF 


MARINE ENGINEERING: 


COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 


By A. E. SEATON, M. Inst. C.E., M. Inst. Mech. E., 


M.Inst.N.A. 
GENERAL CONTENTS. 
Part I.—Principles of Marine eulations for Cylinders, 
Propulsion. Pistons, Valves, Expansion 
Part Il.—Prineiples of Steam _ Y#lVes, &e. 
Engineering. Part IV.—Propellers. 


Part lll.—Details of Marine | Part V.—Boilers. 
Engines: Design and Cal- | Part VI.—Miscellaneous, 


*,* The THIRTEENTH EDITION includes a Chapter on WaTER-~TUBE BOILERS, 
with [llustrations of the leading Types. 


“In the three-fold capacity of enabling a Student to learn how to design, construct, 
and work a Marine Steam-Engine, Mr. Seaton’s Manual has NO RIVAL.”’—Times. 

“The important subject of Marine Engineering is here treated with the THOROUGH- 
NESS that it requires. No department has escaped attention. . . . Gives the 
results of much close study and practical work.’’— Engineering. 

“* By far the BEST MANUAL im existence. . . . Givesa complete account of the 
methods of solving, with the utmost possible economy, the problems before the Marine 
Engineer.’’— Atheneum. 

“The Student, Draughtsman, and Engineer will find this work the MOST VALUABL3 
HANDBOOK of Reference on the Marine Engine now in existence.’’—Marine Engineer. 


FourtH Epirion. With Diagrams. Pocket-Size, Leather. 8s. 6d, 
A. POCKET-BOOK OF 


MARINE ENGINEERING RULES AND TABLES, 


FOR THE USE OF 


Marine Engineers, Naval Architects, Designers, Draughtsmen, 
Superintendents and Others. 
BY 


A. E. SEATON, M.L.0.E., M.I.Mech.E., M.LN.A., 
AND 


H. M. ROUNTHWAITE, M.I.Mech.E., M.LN.A. 


‘‘ ADMIRABLY FULFILS its purpose.”—Marine Engineer. 
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WORKS BY PROF. ROBERT H. SMITH, Assoc.M.I.C.E., 


M.I.M.E., M.I.E).E., M.Fed.I.Mi.E., Whit. Sch., M.Ord. Meiji. 


THE CALCULUS FOR ENGINEERS 
AND PHYSICISTS, 


Applied to Technical Problems. 
WITH EXTENSIVE 


CLASSIFIED REFERENCE LIST OF INTEGRALS. 
By PROF. ROBERT H. SMITH. 


ASSISTED BY 


R. F. MUIRHEAD, M.A, BSc, 


Formerly Clark Fellow of Glasgow University, and Lecturer on Mathematics at 
Mason College. 


In Crown 8vo, extra, with Diagrams and Folding-Plate. 8s. 6d. 


“Pror. R. H. SmitH’s book will be serviceable in rendering a hard road As EASY AS PRACTIC- 
ABLE for the non-mathematical Student and Engineer.” —Atheneum. 


“Interesting diagrams, with practical illustrations of actual occurrence, are to be found here 
in abundance. THR VERY COMPLETE CLASSIFIED REFERKNCK TABLE will prove very useful in 
saying the time of those who want an integral in a hurry.”—The Engineer. : 


MEASUREMENT CONVERSIONS 
(English and French): 


28 GRAPHIC TABLES OR DIAGRAMS, 


Showing at a glance the Morvai Conversion of MEASUREMENTS 
in DIFFERENT UNITS 
Of Lengths, Areas, Volumes, Weights, Stresses, Densities, Quantities 
of Work, Horse Powers, Temperatures, &c. 
For the use of Engineers, Surveyors, Architects, and Contractors. 


in. 4to, Boards. 7s. Gd. 


* * Prof. SmrrH’s CoNVERSION-TaBLes form the most unique and com- 
prehensive collection ever placed before the profession. By their use much 
time and labour will be saved, and the chances of error in calculation 
diminished. It is believed that henceforth no Engineer’s Office will be 
considered complete without them. 


“The work is INVALUABLE.” —Colluery Guardian. 


“Ought to be in EVERY office where even occasional conversions are required. . . . Prof. 
SmirH’s TABLES form very EXCELLENT CHECKS on results.”—lectrical Review. 


** Prof. Smith deserves the hearty thanks, not only of the ENGINEER, but of the CoMMERCIAL 
Wor.p, for having smoothed the way for the apoprrion of the METRIC SysTEM Of MEASUREMENT, 
a subject which is now assuming great importance as a factor in maintaining our HOLD upon 
FOREIGN TRADE.”’—The Machinery Market. 
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Tuirp Epition, Revised and Enlarged. Pocket-Size, Leather, 12s 6d.; also Larger Size for 
Office Use, Cloth, 12s. 6d. 


Boilers, Marine and Land: 


THEIR CONSTRUCTION AND STRENGTH. 


A Hanpzsoox or Rutes, FormuL#, TABLES, &C., RELATIVE TO MATERIAL, 
ScCANTLINGS, AND PRESSURES, SAFETY VALVES, SPRINGS, 
FITTINGS AND Mountines, &c, 


FOR THE USE OF ENGINEERS, SURVEYORS, BOILER-MAKERS, 
AND STEAM USERS. 


ByeT.,Ws TRAIGOY Milnsr. 00K. // FE. RYN 


Late Engineer Surveyor-in-Chief to the Board of Trade. 


*.* To THE SECOND AND THIRD EpITions MANY NEw TaB_es for PRESSURES 
up to 200 Les. per Square INcH have been added. 


“THE MOST VALUABLE WORK on Boilers published in England.”—Shipping World. 


‘Very unlike any of the numerous treatises on Boilers which have preceded it. . . . Really 
useful. . . . Contains an ENORMOUS QUANTITY OF INFORMATION arranged in a very convenient 
form. . . . Those who have to design boilers will find that they can settle the dimensions for any 
yiven pressure with almost no calculation with its aid. . . . A MOST USEFUL VOLUME 
supplying information to be had nownere else.’ —The Engineer. 


* As a handbook of rules, formule, tables, &c., relating to materials, scantlings, and pressures, this 
work will prove Most USEFUL. The name of the Author is a sufficient guarantee for its accuracy. It 
will save engineers, inspectors, and draughtsmen a vast amount of calculation.”—Nature, 


‘By such an authority cannot but prove a welcome addition to the literature of the subject. . . . 


We can strongly recommend it as being the MOST COMPLETE, eminently practical work on the subject.” 
—Marine iingineer. 


“™o the engineer and practical boiler-maker it will prove INVALUABLE. The tables in all pro- 
bability are the most exhaustive yet published .. . Certainly deserves a place on the shelf im. 
the drawing oflice of every boiler shop.”—Practical Engineer. 


LIGHT RAILWAYS 
AT HOME AND ABROAD. 


By WILLIAM HENRY COLE, M.Insrt.0.E., 


Late Deputy-Manager, Eastern Bengal and North-Western State Railways, P.W.D., India. 
In Large 8vo. Handsome Cloth. With Illustrations. 


[Grifin’s Engineering Series. 
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In Crown 8vo, extra, with Numerous Iilustrations. ([Shortly. 
GAS AND OIL ENGINES: 
AN INTRODUCTORY TEXT-BOOK 


On the Theory, Design, Construction, and Testing of Internal 
Combustion Engines without Boiler. 


FOR THE USE OF STUDENTS. 


BY 


Pror. W. H. WATKINSON, Wutt. Scu., M.Inst.Mrcu.E., 


Glasgow and West of Scotland Technical College. 


Engineering Drawing and Design 


(A TEXT-BOOK OF). 
Szconp Epition. In Two Parts, Published Separately. 


Vou. I.—PracticaL GEOMETRY, PLANE, AND Soup. 3s. 
Vou. [].—Macuine anp Encinrt Drawine AND Desien. 4s. 6d. 


BY 


SIDNEY H. WELLS, Ws.8c., 


A.M.INST.C.E., A.M.INST.MECH.E., 


Principal of, and Head of the Engineering Department in, the Battersea Polytechnic Institute ; 
formerly of the Engineering Departments of the Yorkshire College, Leeds; 
and Dulwich College, London. 


With many Illustrations, specially prepared for the Work, and numerous 
Hxamples, for the Use of Students in Technical Schools and Colleges. 


““A THOROUGHLY USEFUL WORK, exceedingly weil written. For the many Examples and 
Questions we have nothing but praise.”—Nature. 


“A CAPITAL TEXT-BOOK, arranged on an EXCELLENT SYSTEM, calculated to give an intelligent 
grasp of the subject, and not the mere faculty of mechanical copying. -. . Mr. Wells shows 


ow to make COMPLETE WORKING-DRAWINGS, discussing fully each step in the design.”—Hlectrical 
evlew. 


“The first book leads EASILY and NATURALLY towards the second, where the technical pupil 
is brought into contact with large and more complex designs.” —The Schoolmaster. 
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MUNRO & JAMIESON’S ELECTRICAL POCKET-BOOK. 


THIRTEENTH EDITION, Revised and Enlarged. 


A POCKET-BOOK 


ELECTRICAL RULES & TABLES 


FOR THE USE OF ELECTRICIANS AND ENGINEERS. 
By JOHN MUNRO, C.E., & Pror. JAMIESON, M.InstT.C.E., F.R.S.E. 
With Numerous Diagrams, Pocket Size. Leather, 8s. 6d. 


GENERAL ea ee te ele 


UNITS OF MEASUREMENT. ELECTRO-METALLURGY. 
MEASURES. BATTERIES, 
TESTING. DYNAMOS AND MOTORS. 
CONDUCTORS, TRANSFORMERS. 
DIELECTRICS. ELECTRIC LIGHTING. 
SUBMARINE CABLES. MISCELLANEOUS. 
TELEGRAPHY. LOGARITHMS., 
ELECTRO-CHEMISTRY. APPENDICES. 

*“ WONDERFULLY Perrecr. . . . Worthy of the highest commendation we can 


give it.”— ZAlectrician. 
“The STERLING VALUE of- Messrs. MuNRo and JAMIESON’S PockET-Boox.”— 
Electrical Review. 


Electrical Measurements & Instruments. 


A Practical Hand-book of Testing for the Electrical 
Engineer. 


By CHARLES H. YEAMAN, 


Assoc. Inst. E.E., formerly Electrical Engineer to the Corporation of Liverpool. 


SECOND EDITION, 8s. 6d. Leather, for the Pocket, 8s. 6d. 


GRIFFIN'S ELECTRICAL PRICE-BOOK. 


For Eleetrical, Civil, Marine, and Borough Engineers, Loeal 
Authorities, Architects, Railway Contractors, &e., &e. 


EpiteD By H. J. DOWSING, 


Member of the Institution of Electrical Engineers; of the Society of Arts; of the London 
Chamber of Commerce, &c. 


**The ELECTRICAL PrRicE-BoOK REMOVES ALL MYSTERY about the cost of Electrical 
Power. By its aid the ExpENsE that will be entailed by utilising electricity on a large or 
small scale can be discovered.” —A rchitect. 

‘* The value of this Electrical Price-Book CANNOT BE OVER-ESTIMATED. « . . Will 
save time and trouble both to the engineer and the business man.” — Machinery. 
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By PROFESSORS J. J. THOMSON & POYNTING. 


in Large 8vo. Fully Illustrated. 


A TEXT: -BOOK OF PHYSICS: 


COMPRISING 


PROPERTIES OF MATTER; SOUND; HEAT; MAGNETISM 
AND ELECTRICITY ; AND LIGHT. 


BY 
J. H. POYNTING, J. J. THOMSON, 
8C.D., F.R.8., AND MvA., Fi BBs 
Late Fellow of Trinity College, Cambridge; Fellow of Trinity College, Cambridge; Prof, 
Professor of Physics, Mason Coilege, of Experimental Physics in the University 
Birmingham. of Cambridge. 


*.* Publishers’ Note.—It is intended that this IMPORTANT and LONG-EXPECTED 
r * . . . . 

TREATISE shall be issued in separate Volumes, each complete in itself, and pub- 
; eparate Volumes, Pp »and } 
lished at regular intervals, beginning with SouND, now at Press. 


In large 8vo, with Bibliography, Illustrations in the Text, and seven 
Lithographed Plates. 12s. 6d. 


THE MEAN DENSITY OF THE KARTH: 


An Essay to which the Adams Prize was adjudged in 1893 in 
the University of Cambridge. 


BY 


{2 EE PONE CUN Ce Sea eee teen 


Late Fellow of Trinity College, Cambridge; Professor of teers Mason 
College, Birmingham. 


** An account of this subject cannot fail to be of GREAT and GENERAL INTERRST to the scientifie 
mind. Especially is this the case when the account is given by one who has contributed so 
considerably as has Prof. Poynting to our present state of knowledge with respect to a very 
difficult subject. . . . Remarkably has Newton’s estimate been verified by Prof. Poynting.”— 

Atheneum. 
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§6. GRIFFIN’S NAUTICAL SERIES. 


EDITED BY EDW. BLACKMORE, 
Master Mariner, First Class Trinity House Certificate, Assoc. Inst. N.A. ; 
AND WRITTEN, MAINLY, by SAILORS for SAILORS. 


“This ADMIRABLE SERIES.’ —F airplay. ‘c A VERY USEFUL SERIES.”’—WNature. 

‘ The volumes of MESSRS. GRIFFIN’S NAUTICAL SERIES may well and profitably be 
read by ALL interested in our NATIONAL MARITIME PROGRESS.” —Marine Engineer. 

‘¢ RVERY SHIP should have the WHOLE SERIES as a REFERENCE LIBRARY. HAND- 
SOMELY BOUND, CLEARLY PRINTED and ILLUSTRATED.”—JLiverpool Journ. of Commerce. 


The Legal Duties of Shipmasters. By Brenrpicr WM. GINsBuRG, 
M.A., LL.D., of the Inner Temple and Northern Circuit; Barrister-at-Law. 
Price 4s. 6d. Postage 4d. _ (Just Published. 


The British Mercantile Marine: An Historical Sketch of its Rise 
and Development. By the EDITOR, CAPT. BLACKMORE. 3s. 6d. Postage 4d. 
“This ADMIRABLE book . . . TEEMS with useful information. Should be in 
the hands of every Sailor.”—Western Morning News. 


Elementary Seamanship. By D. Wirson-BArkeEr, Master Mariner, 
F.R.S.E., F.R.G.S. With numerous Plates, two in Colours, and Frontispiece. 5s. 
Postage 4d. 

“This ADMIRABLE MANUAL, by CAPT. WILSON BARKER, of the ‘ Worcester,’ seems 


struction, Tonnage, and Freeboard.of Ships. By THos. WALTON, Naval Architect. 
With numerous Illustrations. THIRD EDITION. 5s. Postage 4d. 
_— ‘MR. WALTON’S book will be found VERY USEFUL.”—The Engineer. 


The Construction and Maintenance of Vessels built of Steel. 
a By THOS. WALTON, Naval Architect. { Shortly. 


Navigation : Theoretical and Practical. By D. Wrison-Barker, 
Master Mariner, «c., and WILLIAM ALLINGHAM. 38s. 6d. Postage 3d. 
‘“PRECISELY the kind of work required for the New Certificates of competency. 

Candidates will find it INVALUABLE.”—Dundee Advertiser. 


Latitude and Longitude: How to find them. By W. J. Mizar, 


C.E., late Sec. to the Inst. of Engineers and Shipbuilders in Scotland. 2s. 
Postage 3d. 


“Cannot but prove an acquisition to those studying Navigation.’—Marine Engineer. 


Practical Mechanies: Applied to the requirements of the Sailor, 
de By THOS. MACKENZIE, Master Mariner, F.R.A.S. 3s. 6d. Postage 3d. 
sf ‘* WELL WORTH the money . . . EXCEEDINGLY HELPFUL.”—Shipping World. 


Ocean Meteorology: For Officers of the Merchant Navy. By 
WILLIAM ALLINGHAM, First Class Honours, Navigation, Science and Art Department. 

, ee [Shortly. 

Trigonometry : For the Young Sailor, &e. By Ricu. C. Buck, of the 


Thames Nautical Training College, H.M.S. ‘‘ Worcester.” Price 3s. 6d. Postage 3d. 
‘This EMINENTLY PRACTICAL and RELIABLE volume,.’—Schoolmaster. 


Practical Algebra. By Ricu. C. Buck. [Shortly, 


A Medical and Surgical Help for Shipmasters. Including ‘First 
Aid at Sea. By Wm. JOHNSON SMITH, F.R.C.S., Principal Medical Officer, Seaman’s 
Hospital, Greenwich. 6s. Postage 4d. 

*“ SOUND, JUDICIOUS, REALLY HELPFUL.” —The Lancet. 
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GRIFFIN’S NAUTICAL SERIES. 


Price 8s. 6d. Post-free. 
gh igh 3 roe Cd 


British Mercantile Marine. 


By EDWARD BLACKMORE, 


MASTER MARINER; ASSOCIATE OF THE INSTITUTION OF NAVAL ARCHITECTS; 
MEMBER OF THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN SCOTLAND ; EDITOR OF GRIFFIN’S ‘‘NAUTICAL SERIES.” 


GENERAL ContTENTS.—HistoricaAL: From Early Times to 1486—Progress 
under Henry VIII.—To Death of Mary—During Elizabeth’s Reign—Up to 
the Reign of William III.—The 18th and 19th Centuries—Institution of 
Examinations — Rise and Progress of Steam Propulsion — Development of 
Free Trade—Shipping Legislation, 1862 to 1875—‘‘ Locksley Hall” Case— 
Shipmasters’ Societies—Loading of Ships—Shipping Legislation, 1884 to 1894— 
Statistics of Shipping. THe PrersonneL: Shipowners—Officers—Mariners— 
Duties and Present Position. Epucation: A Seaman’s Education: what it 
should be—Present Means of Education—Hints. DiscipLine anp Dutry— 
Postscript—The Serious Decrease in the Number of British Seamen, 1 Matter 
demanding the Attention of the Nation. 

‘‘INTERESTING and INSTRUCTIVE . . . may be read WITH PROFIT and ENJOYMENT.” — 
Glasgow Heraid. 

‘ HvERY BRANCH of the subject is dealt with in a way which shows that the writer 
‘knows the ropes’ familiarly.” —Scotsman. 

“This ADMIRABLE book . . . TEEMS with useful information—Should be in the 
hands of every Sailor.”— Western Morning News. 


WORKS BY RICHARD C. BUCK, 


of the Thames Nautical Training College, H.M.S. ‘ Worcester.’ 


1, A Manual of Trigonometry: 


With Diagrams, Examples, and Exercises. Post-free 3s. 6d. 


* * Mr. Buck’s Text-Book has been SPECIALLY PREPARED with a view 
to the New Examinations of the Board of Trade, in which Trigonometry 
is an obligatory subject. 


“This EMINENTLY PRACTICAL and RELIABLE VOLUME.’ ’—Schoolmaster. 


2. A Manual of Algebra. 


*.* These elementary works on ALGEBRA and TRIGONOMETRY are written specially for 
those who will have little opportunity of consulting a Teacher. They are books for “sELF- 
HELP.” All but the simplest explanations have, therefore, been avoided, and aNsWERs to 
the Exercises are given. Any person may readily, by careful study, become master of their 
contents, and thus lay the foundation for a further mathematical course, if desired. It is 
hoped that to the younger Officers of our Mercantile Marine they will be found decidedly 
serviceable. The Examples and Exercises are taken from the Examination Papers set for 
the Cadets of the ‘t Worcester.” 


*,* For complete List of Grirrin’s NavTICAL SERIES, see p. 45. 
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GRIFFIN’S NAUTICAL SERIES. 


Price 5s. Post-free. 
A MANUAL OF 


ELEMENTARY SEAMANSHIP. 


BY 
D, WILSON-BARKER, Master MARINER; F.R.S.E., F.R.G.S., &c., &c.; 


YOUNGER BROTHER OF THE TRINITY HOUSE, 


With Frontispiece, Twelve Plates (Two in Colours), and Illustrations 
in the Text. 


GENERAL Contents.—The Building of a Ship; Parts of Hull, Masts, 
&c.—Ropes, Knots, Splicing, &c. — Gear, Lead and Log, &c. — Rigging, 
Anchors — Sailmaking — The. ’Sails, &e. — Handling of Boats under Sail — 
Signals and Signalling—Rule of the Road—Keeping and Relieving Watch— 


*,* The volume contains the NEW RULES OF THE ROAD. 


“This ADMIRABLE MANUAL, by Capr. WILson-BAkKER of the ‘‘ Worcester,” seems to us 
PERFECTLY DESIGNED. and holds its place excellently in ‘ Grirrin’s NAUTICAL SERIES,’ 
Although intended for those who are to become Officers of the Merchant Navy, it will be 
found useful by ALL YACHTSMEN.”—A thenxum. 


‘* Five shillings will be WELL sPENT on this little book. Capr. Winson-BAarKER knows 
from experience what a young man wants at the outset of his career.”"—Zhe Hngineer. 


Price 3s. 6d. Post-free. 


NAVIGATION 


PRACTICAL AND THEORETICAL. 
By DAVID WILSON-BARKER, R.N.R., F.BS.E, &c., &o., 


AND 


WILLIAM ALLINGHAM, 


FIRST-CLASS HONOURS, NAVIGATION, SCIENCE AND ART DEPARTMENT. 


With Humerous Jllustrations and Eramination Questions, 


‘GENERAL ContTEentTs.—Definitions—Latitude and Longitude—Instruments 
of Navigation—Correction of Courses—Plane Sailing—Traverse Sailing—Day’s 
Work — Parallel Sailing — Middle Latitude Sailing — Mercator’s Chart— 
Mercator Sailing—Current Sailing—Position by Bearings—Great Circle Sailing 
pee se hn epee ae we a Sarre Compass Error—Numerous Useful Hints, 

c.—Index. 


‘* PRECISELY the kind of work required for the New Certificates of competency in grades 


from Second Mate to extra Master. . . . Candidates will find it INVALUABLE.” —Dundee 
Advertiser. 
‘* A CAPITAL LITTLE BOOK .. . specially adapted to the New Examinations. The 


Authors are Carr. Witson-BarKEr (Captain-Superintendent of the Nautical College, H.M.S. 
** Worcester,”’ who has had great experience in the highest problems of Navigation), and 
Mr. ALLINGHAM, a well-known writer on the Science of Navigation and Nautical Astronomy.” 
— Shipping World. 


*.*For complete List of Grirrin’s NAUTICAL SERIES, see p. 45. 
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GRIFFIN’S NAUTICAL SERIES. 


Crown 8vo, with Numerous Illustrations. Handsome Cloth. 3s. 6d 


Practical Mechanics: 


Applied to the Requirements of the Sailor. 
BYP OS PNAC KN gaa 


Master Mariner, F.R.A.S. 


GENERAL Conrents.—Resolution and Composition of, Forces—Work done 
by Machines and Living Agents—The Mechanical Powers: The Lever; 
Derricks as Bent Levers—The Wheel and Axle: Windlass ; Ship’s Capstan ; 
Crab Winch—Tackles: the ‘‘Old Man”—The Inclined Plane; the Screw— 
The Centre of Gravity of a Ship and Cargo— Relative Strength of Rope : 
Steel Wire, Manilla, Hemp, Coir—Derricks and Shears—Calculation of the 
Cross-breaking Strain of Fir Spar—Centre of Effort of Sails—Hydrostatics : 
the Diving-bell ; Stability of Floating Bodies ; the Ship’s Pump, &c. 


‘THIS EXCELLENT BOOK . . . contains a LARGE AMOUNT of information.” 
—WNature. 

“‘ WELL worTH the money . . . will be found EXCEEDINGLY HELPFUL.”’— 
Shipping World. 

‘©No Sues’ OFFICERS’ BOOKCASE will henceforth be complete without 
CAPTAIN MACKENZIE’s ‘ PRacTICAL MEcHANICS.’ Notwithstanding my many 
years’ experience at sea, it has told me how much more there is to acquire.’?)— 
(Letter to the Publishers from a Master Mariner). 

‘“‘T must express my thanks to you for the labour and care you have taken 
in ‘PRACTICAL MECHANICS.” . . . If IS A LIFE’S EXPERIENCE. aioe 
What an amount we frequently see wasted by rigging purchases without reason 
and accidents to spars, &c., &c.! ‘PrRacticaL MECHANICS’ WOULD SAVE ALL 
yHis.”—(Letter to the Author from another Master Mariner). 


Crown 8vo, with Diagrams. 2s. 


Latitude and Longitude: 


How to Find them. 
By W. J. MILLAR, GE, 


Late Secretary to the Inst. of Engineers and Shipbuilcers in Scotland, 


** CONCISELY and CLEARLY WRITTEN . . . cannot but prove an acquisition 
to those studying Navigation.”—-Alarine Engineer. 


‘* Young Seamen will find it HANDY and USEFUL, SIMPLE and CLEAR.”—The 


Engineer. 


* * For Complete List of Grirrix’s NAUTICAL SERIES, see p. 45, 
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GRIFFIN’S NAUTICAL SERIES, 
In Crown 8vo. Handsome Cloth. 4s. 6d. 


THE LEGAL DUTIES OF SHIPMASTERS. 


BY 


BENEDICT WM. GINSBURG, M.A., LL.D. (Canras.), 


Of the Inner Temple and Northern Circuit; Barrister-at-Law. 


General Contents.—The Qualification for the Position of Shipmaster—The Con 
tract with the Shipowner—The Master’s Duty in respect of the Crew: Engagement ; 
Apprentices; Discipline ; Provisions, Accommodation, and Medical Comforts ; Payment 
of Wages and Discharge—The Master’s Duty in respect of the Passéngers—The Master’s 
Financial Responsibilities—The Master’s Duty in respect of the Cargo—The Master's 4 
Duty in Case of Casualty—The Master’s Duty to certain Public Authorities—The # 
Master’s Duty in relation to Pilots, Signals, Flags, and Light Dues—The Master’s Duty 
upon Arriva] at the Port of Discharge—A ppendices relative to certain Legal Matters : 
Board of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, Load Line Regula- 
tions, Life-saving Appliances, Carriage of Cattle at Sea, &c., &c.—Copious Index. 


‘*No intelligent Master should fail to add this to his list of useful and necessary books. 
The price (4s. 6d.) cannot be quoted as an excuse for non-possession, and a few lines of it 
may SAVE A LAWYER'S FEE, BESIDES ENDLESS WoRRY.”—Liverpool Journal of Commerce. 

‘* SENSIBLE, plainly written, in CLEAR and NON-TECUNICAL LANGUAGE, and will be found of 
MUCH SERVICE by the Shipmaster.’— British Trade Review. 


FIRST AID AT SEA. 


With Coloured Plates and Numerous Il//ustrations. 


A MEDICAL AND SURGICAL HELP 


FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 


BY 


WM. JOHNSOWN«,.5 MUTT, ER. 


Principal Medical] Officer, Seamen’s Hospital, Greenwich. 


*.* The attention of all interested in our Merchant Navy is requested to thisexceedingly 
useful and valuable work. It is needless to say that it is the outcome of many years 
PRACTICAL EXPERIENCE amongst Seamen. 

** SOUND, JUDICIOUS, REALLY HELPFUL "—The Lancet. 


OCEAN METEOROLOGY 


FOR OFFICERS OF THE MERCHANT NAVY. 


BY 


WILLIAM ALLINGHAM 


Joint-Author of ‘‘ Navigation, Theoretical and Practical.”’ 


*,” For Complete List of GrirFIn’s NAUTICAL SERIES, see p. 45, 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND, 


50 OHARLES GRIFFIN & 00.’8 PUBLICATIONS. 


GRIFFIN’S NAUTICAL SERIES. 


Turd Epitrion. With Numerous Illustrations. Handsome Cloth. 3s. 


KNOW YOUR OWN SHIP. 


By THOMAS WALTON, Nava ARCHITECT. 


SPECIALLY ARRANGED TO SUIT THE REQUIREMENTS OF SHIPS’ OFFICERS, 
SHIPOWNERS, SUPERINTENDENTS, DRAUGHTSMEN, ENGINEERS, 
AND OTHERS. 


This work explains, in a simple manner, such important 
subjects as :— 


Displacement, Deadweight, Tonnage, Freeboard, Moments, 
Buoyancy, Strain, Structure, Stability, Rolling, Ballasting, 
Loading, Shifting Cargoes, Admission of Water, 

Sail Area, &c., &c. 


‘The little book will be found EXCEEDINGLY HANDY by most officers and 
officials connected with shipping. . . . Mr. Walton’s work will obtain 
LASTING SUCCESS, because of its unique fitness for those for whom it has been 
written.”—Shipping World. 

** An EXCELLENT WORK, full of solid instruction and INVALUABLE to every ~ 
officer of the Mercantile Marine who has his profession at heart.”—Shipping. 

‘“* Not one of the 242 pages could well be spared. It will admirably fulfil its 
purpose . . . useful to ship owners, ship superintendents, ship draughts- 
men, and all interested in shipping.” — Liverpool Journal of Commerce. 

‘<A mass of VERY USEFUL INFORMATION, accompanied by diagrams and illus- 
trations, is given in a compact form.”—F airplay. 

‘A large amount of MOST USEFUL INFORMATION is given in the volume. 
The book is certain to be of great service to those who desire to be thoroughly 
grounded in the subject of which it treats.”—Steamship. 
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